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ABSTRACT 


Following the development means for the separation subcellular parti- 
cles anterior pituitary and the establishment criteria purity, each the 
fractions was analyzed for hormone content and with results ob- 
tained others. The fractions were three-dose response method 
for TSH, ACTH, LH, and FSH. TSH was found mitochondria, and 
STH acidophilic granules, and FSH was distributed over several fractions. 
ACTH was found the microsomes and supernatant depending the 
method assay adopted. The predominant activity appeared the indicated 
fraction, but there was activity over several fractions. The results 
agree the main with those other investigators. 


ESPITE the rapid progress made the cytological identification 
cells the anterior pituitary, the site production many the 
pituitary hormones has not been determined. Several groups (10, 11, 12) 
have attempted isolate subcellular particles from pituitary cells and 
determine the hormones associated with each fraction. Some confusion has 
arisen due differences method separation particles, failure 
designate fractions uniformly and establish adequate criteria homo- 
geneity. previous paper (1) from this laboratory demonstrated that 
Received September 1958. 
This research was supported Grant National Cancer Institute, National 
Institutes Health. 
This work was done during the tenure Research Fellowship the American 
Heart Association. 
portion this work will presented fulfill the requirements the Degree 
Docotor Philosophy Emory University, Division Basic Health 
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was possible obtain satisfactory separations subcellular particles from 
the pituitary. The work reported here concerned with further 
studies along this line. 


MATERIALS AND 


Obtaining glands. Pig pituitaries were removed from the animals within minutes 
after sacrifice. They were placed glass vessels containing ice but were not allowed 
freeze come contact with the ice. After the connective tissue capsule was 
removed, the anterior portion was freed the other lobes. 


Preparation cell fractions. Procedures were carried out cold box 
All equipment and solutions were precooled that temperature. The tissue was homoge- 
nized within hour and half after the first gland was obtained, using tissue grinder 
consisting glass grinding chamber and fitted, motor-driven Teflon pestle. 
homogenate was prepared 0.25M sucrose containing 0.02% heparin 
Ten grams anterior lobe were processed one time. 

Nuclei and debris. The homogenate was placed ml. plastic tubes and centri- 
fuged 1200 rpm for minutes. The pellet was rehomogenized sucrose medinm and 
recentrifuged twice. The final pellet, which was red reddish-blue color, was reho- 
mogenized sucrose and stored the cold (Fraction 

Acidophilic secretory granules. The supernatant solution from Fraction was centri- 
fuged (R. max) for minutes Spinco Model ultracentrifuge. The 
precipitate consisted firm white pellet with overlying 
The pellet and fluff were separately rehomogenized and centrifuged for 
minutes. The pellets were pooled, were the fluffs, and each was rehomogenized 
and recentrifuged for minutes. The milk-white pellets were pooled, 
and stored the cold (Fraction 

Mitochondria. The resuspended fluffy material and the supernatant solution were 
separately centrifuged for minutes, resulting firm, tan-colored 
pellets with fluffy The firm pellet (Fraction and the fluffy ma- 
terial (Fraction were rehomogenized separately and each was again centrifuged 
34.000 for minutes. 

The supernatant solutions from fractions and were centrifuged 
for hours. The pellet produced this centrifugation was translucent 
red gel 4). Contaminating mitochondria, present, tended form 
zone which could easily removed and added the main mitochondrial fraction. 

Supernatant solution. The final supernatant solution (Fraction was perfectly clear, 
reddish solution. 


Morphological examination cell fractions. few drops the suspended material 
each particulate fraction were mixed ml. buffered acid containing 
0.25M sucrose and fixed for hour The tube containing the fixed suspension 
was centrifuged Spinco head for minutes. Sections were 
taken from several parts the thin pellet for microscopical observation. 


Chemical analyses. Aliquots the suspension cell fractions were separated into 
acid-soluble components, deoxyribose acid and pentose acid 
(RNA) according the method Schneider (2). RNA was determined the 


the physical and biochemical properties the anterior pituitary 
press (J. Biophy. and Biochem. Cytol. 17. 1959). portion this data sum- 
marized here demonstrate the reliability the assay data. 


reaction for pentose (3); ribose values were taken 38% the weight RNA. DNA 
determinations were not run routinely, since few showed this material 
present exclusively the nuclear and debris fraction. Nitrogen was determined 
digestion (4). All chemical determinations were made 
triplicate. 


Enzyme assays. The following enzyme assays were done each fraction. 

Succinic dehydrogenase was assayed the manometric method and 
Potter (5) except that AMP(0.012M) and ATP(0.012M) were added the reaction 

Alkaline phosphatase. The medium contained ml. acid- 
Eastman), and tissue suspension and water 2.0 ml. The reaction mixture was placed 
ina mm. test tube and 37° for minutes with shak- 
ing. The reaction was stopped the addition 2.0 ml. 10% acid 
(TCA). The tube was centrifuged and inorganie phosphorus was determined 2.0 ml. 
the supernatant solution the method al. (6). 

Proteinase Proteinase was determined the method Adams and Smith (7). 
For all enzyme tests aliquot each fraction was taken that approximately equiva- 
lent amounts nitrogen were contained the aliquots. All determinations were made 
triplicate along with appropriate blanks. 


Hormone assay. Fractions were administered doses containing equal amounts 
nitrogen per day using the following assay methods: 

TSH. hormone was assayed the uptake radioiodine 
the hypophysectomized adult rat hours after injection microcurie radio- 
iodine following three days injection with the test material. some the ani- 
mals used for STH assays were given radioiodine the 10th and autopsied the 
day. all cases, the thyroid was dissected free from other tissue, dissolved 10% 
and counted well type scintillation counter. 

ACTH, ACTH was the method and Woodbury (8); the 
decrease the number circulating four hours following the intravenous 
injection the material into rats, and the vitro stimulation 
steroid production rat adrenals treated with the fractions (Saffran’s procedure 
(14)) except that the more blue tetrazolium reaction (17) was used detect the 
adrenal steroids place the ultraviolet method reeommended Saffran. 

LH. The lutenizing hormone assayed immature and hypophysectomized 
rats both sexes. The material was injected daily for three days with autopsy 
the 4th day. The weights the seminal vesicles, testes, and ventral prostate were 
determined the male, and the weights the ovary and uterus were measured the 
female. 

FSH. Follicle stimulating hormone was assayed immature female rats the 
method Steelman and Pohley (9) and immature male rats the 
testes weight brought about injecting the material daily for days with autopsy 
the fourth day. 

autopsy animals used for the assay growth hormone the accessory sex organs 
were weighed order provide additional data corroboration the more direct 
assays for FSH and LH. 

STH. Growth hormone was the gain weight adult 
mized rats given the test material for ten days with autopsy the day. 

Animals used the assays were carefully All immature rats were 
days age the start injections. The hypophyseetomized rats averaged 100 
weight; the were performed this approach through 
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the ear (personai communication Dr. Long’s laboratory). All hypophysecto- 
mized animals were examined autopsy for pituitary remnants. least animals 
were used for each dose each fraction tested. 


RESULTS AND DISCUSSION 

The biochemical analyses the subcellular particles the anterior 
pituitary are presented Table RNA found mainly the microsomes, 
dehydrogenase mainly the and alkaline phos- 
phatase mainly the microsomes. similar distribution has been reported 
for particulate fractions liver (5). The proteolytic enzymes the pitui- 
tary with optimum (Proteinase are found mainly the super- 
natant fraction, although significant amount also present the micro- 


TABLE 1. CHEMICAL AND ENZYMATIC ANALYSIS OF THE SUBCELLULAR PARTICLES OBTAINED 
BY ULTRACENTRIFUGATION. THE DATA ARE AVERAGES OF FIVE CENTRIFUGATIONS 


RNA Succinic Alkaline Alkaline 

Fraction of total dehydogenase phosphotase proteinase 

ug. mg. N of total of total of total of total 
I-Nuclei 12.6+1.8* 159+ 16 12.62 1.7 2.2¢ 1.7 
If-Acidophilic granules 16.0+2.4 46 +28 10.6+7.0 5.0+ 1.2 3.2+ 1.9 
III-Mitochondria 13.3+3.4 107 +26 31.8+8.3 9.3+ 4.9 7.0+ 5.3 
IIf4-Light Mitochondriat = 11.3+2.3 234+ 30 44.7+6.7 14.6+ 5.8 12.1+ 6.8 
IV-Microsomes 11.0+1.6 507 + 107 5.04+1.3 24.5+ 4.0 25.5+ 14.5 
V-Supernatant 29.8+2.1 84+ 22 0.0+0.0 34.0+10.0 43.34+15.5 

Recovery 97.5% 57.3% 96.607 98.00; 


* Standard deviation. i 
t Fraction III, is omitted from the Hormone Assay due to the fact that it does not contain hormone. 


fraction. The distributions RNA and enzyme activities are 
indicative fairly good separation the cell components. not pos- 
sible obtain absolutely clear cut separation but the differing patterns 
for the various fractions suggest that each mainly made one com- 
ponent. The nuclear fraction, course, contains nuclei, whole cells, and 
cell debris, and mildly reflects the composition all components. 

The acidophilic secretory granules are not found liver and comprise 
separate physical entity pituitary cells. These particles are rich pro- 
tein but contain little RNA and only small amounts the enzymes meas- 
ured. 

The separation components suggested the chemical data corrobo- 
rated the electronmicrographs the fractions (Fig. 1). Parts and 
the microphotographs are from sections the whole gland showing the 
characteristic appearance mitochondria, acidophilic granules, and 
philic granules. Part section from pellet the acidophilic secre- 
tory granule fraction showing the low order contamination with other 
particulates. Part from the mitochondrial fraction, also shows relatively 
few structures other and demonstrates the cristae 


Biochem. 895. 1958). This fraction has not been included this paper. 
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and double membranes mitochondria. Part for contrast, from the 
nuclear fraction, showing mitochondria, acidophilic granules, and 
Part from the microsomal pellets, shows few structures that may 
basophils and mass Supernatant fractions, not 
shown, are structureless. 

interesting note that the basophilic granules which are present 
large numbers the sections taken from whole cells are not found any 
great number any the fractions. This confirmation the observa- 
tions Herlant (12) who found true basophils any his fractions. 
The basophils seem dissolve the medium and their contents may thus 
appear the microsomal fraction and the supernatant. This may account 


pig pituitary glands. Section whole gland 
containing mitochondria (M), granules (B), and acidophilic secretory 
granules (A). Another section gland showing further structural relationships. 
Pellet acidophilic secretory granules separated the ultracentrifuge. 
pellet from Fraction mitochondria. Section from nuclear fraction showing both 
mitochondria (M), and secretory granules (A). Microsomal fraction (Fraction 4). 
Note the absence basophilic granules. Magnifications are indicated each picture. 
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THE Assay TSH STH THE ADULT HYPOPHYSECTOMIZED ANIMAL 


All animals were injected once day for ten days with the test fraction the indicated 
doses. TSH was estimated the uptake radioiodine the thyroid and STH the growth 
rate the animals. The I'*! was administered i.p. hrs. before autopsy. The data are aver- 
ages six centrifugations. 


Control —1.8+2.0* 
1.2+0.8 1.0 3.8+0.4 
Granules 1.8+0.6 4.1+0.6 
40) 3.9 5.6+0.5 2.5 
3.8+0.4 
V-Supernatant 1.0+1.0 5.4+0.3 
TSH-Standard 6.2+0.4 


Standard deviation. 
Cases 


no. doses 


Where 


High 


low dose 

Unknown dose-response 

Known dose-response 


Although not strictly true, parallelism between dose-response curves assumed 
for purposes approximate calculation. 


for the high proportion total nitrogen found the latter fraction (Table 
well for some the hormonal activity this fraction dis- 
cussed below. 

The data Table and Figure taken together indicate that good 
separation the major cellular components has been achieved, that each 
fraction relatively and that any hormonal activity found mainly 
given fraction may reasonably assumed localized the parti- 
cle characterizing that fraction. perfect separation cannot expected 
because the variation size density given type particle, be- 
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cause the fragility solubility the particles, and because some activi- 
ties may leached out given particle appear the supernatant. 
The data obtained upon assay each the fractions for hormone con- 
tent are presented Tables and Table data are given for 
three dose range each fraction but only the two lower doses were used 
the relative potency each fraction compared Fraction 
(log dose ratio, because examination the dose-response curves sug- 
gests that interaction hormones alters the dose- 
response relationship the higher dose ranges. For example, the fraction 
containing STH some quantity also contains TSH larger amounts 
(Fraction The augmentation the STH response thyroid hormone 
production stimulated TSH demonstrated the sudden increase 
the slope the dose-response curve the top dose this fraction. Simi- 
larly, the STH response decreased the presence excessive amounts 
ACTH (Fraction IV) and this results definite the STH 
dose-response curve this fraction. The same can seen Table 
where the log-dose-response for STH based thymus weight has posi- 
tive slope the presence those fractions associated with STH and 
negative slope those fractions associated with ACTH with inter- 
mediate slope between the two extremes. the same analysis, could 
surmised that the growth response shown Fraction where augmenta- 
assay ACTH THE DEPLETION RESPONSE, THE ASCORBIC 


ACID DEPLETION METHOD, AND THE SAFFRAN METHOD VARIOUS FRACTIONS 
RESULTING FROM PITUITARY ULTRACENTRIFUGATION 
least animals were used each group. the vitro stimulation method, 1000 
micrograms nitrogen the desired fraction were incubated with adrenals from four rats 
using Saffran’s method one hour preincubation followed hours incubation with 
the desired substance. 


In vitro stercid production, wg. 100 


decrease decrease mg. adrenal hr. 
Fraction in adrenal M* M 
ascorbie acid eosinophils 2-240 BTZ 
Homogenate 10 12+4 33+ 8 3.9+1.7 
20 25+6 59+ § 
Fraction I 10 14+5 26+ 7 6.8+0.7 3.9+0.1 $.%2 
20 20+1 1.00 39+ 6 b.0 
30) 28+6 44+ 6 
20 10 3 0.10 438 6 O.9 
30) 25+5 36+ 4 
Fraction III 10 13+3 $.7+1.7 §.54+1.7 1.58 
20 16+3 0.25 3.5 
30 1945 65+ 14 
Fraction IV 10 ike §.441.7 1.68 
30 35+6 46 6 
Fraction V 10 8:3 14+ 6 36.2+6.0 18.7+6.0 1.89 
20 14+4 0.50 31+ 2 1.0 
30 25+5 34 2 
ACTH std. 0.10 24+ 2.8+0.2 1.5+0.06 1.82 
0.20 3644 51412 4.3+0.7 2.2+0.12 1.96 


Hypox Control 16 0 1+ 2 0 0 


* M, the log dose ratio is caleulated by the method indicated in the footnote to Table » 
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tion with TSH must may increased out proportion the true 
amount hormone present. TSH, the other hand, not greatly aug- 
mented other hormones and the localization much sharper. 

With these limitations mind, localization the pituitary hormones 
discussed. TSH appears sharply confined the mitochondrial 
fraction. The presence TSH the supernatant solution may reflect the 
solubility the material, the the mitochondria. the pos- 


TABLE THE ASSAY PITUITARY GONADOTROPHINS IMMATURE AND HYPOPHY- 
SECTOMIZED ANIMALS 


least six animals were used each dose level each fraction. The results sum- 
marize the data for approximately animals each dose level centrifugations. The 
fractions correspond those previously reported. 


Dose, Seminal Testes Ventral Tiers 
Fraction ug.N vesicle, Mt weight, M prostate, M M M 
day | wt. (mg.) wt. (mng.) wt. (mg.) We. 


Immature Animals 


I 20 18+: 
27 


| 
IV 20 20+4 1.18 205 + 32 2.6 41+8 2.6 18+3 | 0.9 20.0+5 1.3 
40 28+4 239 + 26 45+3 23+3 | | 30.043 
40 34+4 220 52+7 30+4 20+4 
Control 195+18 20+2 
H ypophysectomized 
40 38+4 77+4 31+1 
40 35+5 | |} §2+4 | 
40 50+9 | 44+3 | 49+3 
40 | 32+4 29+3 


* Standard deviation. ee : 
+ M, the log dose relation is calculated by the method indicated in the footnote to Table 2. 


sible augmentation STH TSH taken into account, growth hormone 
appears localized rather sharply the secretory granules (Fraction 
II). The failure find large amounts growth hormone the super- 
natant may reflection the more stable structure these granules. 

The localization ACTH not clear cut that STH TSH 
(Table 3). determined the ascorbic acid depletion test ACTH pres- 
ent Fractions and IV; the eosinopenic response test reveals widely 
activity with greater response Fraction III; and the Saffran 
vitro steroid production test discloses activity Fraction 


| 


the data with respect the eosinophil response suggests 
that this test relatively non-specific. All fractions assayed are essentially 
equal ACTH the basis this test with the exception Fraction 
Equal quantities protein produce equal responses and this may suggest 
response which dependent upon nonspecific protein rather than 
ACTH. 


There ready explanation the rather clear cut differences re- 


TABLE OTHER ORGAN WEIGHTS 
The organ weights and immature rats treated with the indi- 
fractions. All other autopsy data are presented the preceding tables. Results are 
averages centrifugations. 


Dos No. 
Fraction ani- 


Standard deviation. 
the log dose relation caleulated the method indicated the footnote table 


sponse the two tests which are said relatively specific. The 
acid depletion test shows clear maximum Fraction while the equally 
means proven, that two exist suggested Stack-Dunne and 
Young (16). Further work now progress along these lines. 

Although the eosinophil response may non-specific, there evi- 
dence for vitro stimulation the adrenal claimed 
Roberts (14). The vitro response clear cut and since equal amounts 
nitrogen were used each flask, differences between fractions cannot de- 
pend upon this factor. 

Assays for gonadotrophins are complicated the marked synergism 
and FSH (Table 3). Determination the response the semi- 
nal vesicle weight both hypox and immature animals reveals the pres- 
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ence the hormone Fraction (secretory granules). Assay FSH 
increase testes weight not conclusive. The use Steelman’s method 
augmentation with HCG order override the activity and reveal 
FSH the various fractions resulted the appearance FSH all 
tions. would appear that the evidence favors localization the gonado- 
trophins Fraction and the evidence stronger for this fraction 
than for FSH. The relatively non-specific uterine weight response test dis- 
closed gonadotrophic activity Fractions and 

Other organ weights (Table reveal little interest. There in- 
crease thymus weight those fractions containing STH and decrease 
weight those fractions associated with ACTH might predicted 
from the action the hormones this organ. interesting that the 
decrease thymus weight occurs the largest extent that fraction 
(44) which contains ACTH measured ascorbic acid depletion. 
perhaps possible that the vitro stimulation the adrenal gland depends 
upon form ACTH which present the supernatant while 
other less direct measures adrenal action not depend upon this factor. 
The adrenal weights not add materially the picture. There sig- 
nificant increase weight the gland any fraction tested. 

attempt has been made assay the fractions for lactogenic hormone. 
method assay under study and data will reported some future 
time. 

The work reported here has been concerned with pig pituitary but beef 
and sheep pituitaries have also been centrifuged the same method. 
quantitative but not qualitative differences exist between species. 

Some the confusion the literature can resolved this work. 
Reid and Segaloff (10), for example, reported that growth hormone was 
distributed over all fractions. possible obtain this result poor 
separation (and criteria for particle homogeneity were given) which 
would result widespread activity. Examination Reid’s data reveals 
such wide spread, and also shows activity present the mito- 
chondrial fraction reported here. Ziegler and Melchior (11) found growth 
hormone granule” fraction which probably contained both 
mitochondria and acidophilic granules judged from their speeds and 
times centrifugation. They also found FSH and all this 
same fraction. Much the appears the fraction our 
centrifugations and since this part Ziegler’s fraction, 
not surprising that again agree with reported results. Herlant (12) 
has reported the separation pure white acidophilic fraction (?) which 
may correspond the same fraction obtained our separations and found 
ACTH, TSH, and this fraction. However, stated erroneously that 
mitochondria were negligible amount. Herlant also failed establish 
the homogeneity his fractions and from the centrifuge data must have 
had mitochondria contaminating the acidophilic granules. and 
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Meyer (13) examined subcellular fractions rat pituitary for gonado- 
activity and found the granules (mitochondria 
and acidophilic granules?) and the granule fraction (micro- 
Herlant also found FSH the basophilic microsomal layer. 
have found FSH present most the fractions tested. true 
granules are present the fractions although they are present 
electron micrographs from whole cells. The basophilic granules appar- 
ently dissolve the centrifuge medium, and this may explain some activity 
the supernatant. 

The major discrepancies between investigators appear matter 
partly terminology and partly variations methods centrifuga- 
tion. The separation subcellular particulates into and 


TABLE THE LOCALIZATION HORMONAL ACTIVITY VARIOUS SUBCELLULAR FRAC- 
TIONS PITUITARY REPORTED VARIOUS AUTHORS 


STH ACTH FSH TSH 


Microsomes 


Bracketed fractions indicated assay fractions containing which 
probably had both acidophilic granules and mitochondria 

Ziegler and Melchior (11) 

Herlant (12) 

MeShan and (13) 

Reid and Segaloff (10) 

Brown and Hess (1) 

This 


granules results large granule fraction containing both acidophilic 
granules and mitochondria. Assays this fraction will give positive re- 
sults for hormones present both types particles and may result 
augmentation. Chemical identification not always adequate. While 
true that most the succinoxidase, for example, the mitochondria, 
mixture acidophilic granules and mitochondria would give essentially 
the same distribution the enzyme although total activity per milligram 
nitrogen would altered. Only combination histological, bio- 
chemical, and enzymatic tests can the criteria purity given fraction 
established. This has been the aim work from this laboratory. 
Another point remains resolved. Ziegler and Melchior found con- 
siderable hormonal activity the supernatant and Reid was partially able 
confirm their result for growth hormone. the other hand, 
(13) demonstrated that varying methods treatment the tissue would 
result different amounts gonadotrophin appearing the supernatant. 
find less hormonal activity the supernatant and this may attrib- 
uted two possible reasons. First, the greatest care was taken 
homogenizing and handling the tissue which may have prevented rupture 
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many particles and secondly, the use heparin the centrifugation 
media resulted better preservation particulates and possibly less re- 
lease hormone into the supernatant. 

summary the current information, the results various workers 
are presented tabular form (Table 6). Activity hormones indicated 
qualitative rather than quantitative measure. immediately appar- 
ent that wide area agreement exists. Most workers have found growth 
hormone mitochondria granule fraction. Agreement seems 
widespread that FSH appears granules supernatant and 
that appears granules, probably the acidophils. TSH ap- 
pears the mitochondria. The small area disagreement with previous 
work this laboratory (1) due imperfect separation and naming 
fractions and this older work subject many the objections outlined 
above. 
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FACTORS INFLUENCING THE BIOLOGICAL ACTIVITY 
ORALLY ADMINISTERED STEROID COMPOUNDS: 
EFFECT THE MEDIUM AND ESTERIFICATION 


ANTONINO ALIBRANDI, GIANCARLO BRUNI, ALBERTO 
RINALDO GARDI ALBERTO MELI 


Istituto Fisiologia Generale, University Messina, Messina, Italy; Laboratori 
Ricerche Vister, Casatenovo (Como), Italy 


ABSTRACT 


The influence the medium (aqueous oily) and esterification the 
biological activity some steroid hormones given orally the rat has been 
studied. 

compounds were assayed their seminal vesicle, 
ventral prostate and levator ani weights castrated male rats and cortisone- 
like their thymus, spleen, adrenal and granuloma 
weights intact female rats. 

All tested compounds exhibited increase activity when ad- 
ministered orally oily solution instead aqueous 

The steroid compounds (i.e, androstanolone and some instances pred- 
nisone) esterified with short chain fatty acids also exhibited greater 
activity than the free steroid compounds. 

Some hypotheses have been advanced elucidate possible mechanisms 
which lipidie solvent may potentiate the specific activity 
orally administered steroid compounds, 


ANY studies have been done the factors influencing the intestinal 

absorption cholesterol, such the presence and pancreatic 
juice, the addition bile salts, the presence and nature fats, the admin- 
istration cholesterol esterified form, the simultaneous administration 
other sterols, ete. (see Little known, however, about the influ- 
ence these factors the intestinal absorption steroid hormones. 
Apart from some studies estrogens (5, 6), only the role bile has been 
extensively examined this respect. After the early works Selye (7) and 
Hoffman al. (8), the researches Doisy and his coworkers (9-14) de- 
monstrated total enteric absorption several steroids even the ab- 
sence bile. Previously Wells al. (15) had found that the 
activity orally administered testosterone was not increased the addi- 
tion biliary salts. 

first approach the problem, experiments were carried out order 
determine either the form steroid used (esterified free) the 
steroid vehicle aqueous) could influence the biological activity 
some orally administered steroid hormones the rat. far the latter 
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question concerned, preliminary investigations man (16) suggested 
greater activity some orally administered steroids when given oily 
solution. 


MATERIALS AND METHODS 


The steroids tested were some testosterone esters, free androstanolone 
sterone, and some its esters, 17a-methyl-testosterone, free 
prednisone and prednisolone and some their esters. They were administered once 
daily stomach tube either oily solution (made dissolving the steroid with gentle 
heating sesame oil) aqueous suspension (made means grinder). 
suspending vehicle, aqueous solution sodium chloride (0.9%), 
cellulose (0.5%), Tween (0.4%) and benzyl aleohol (0.9%) was used. 
examination the suspension showed that the diameter the suspended particles was 
not greater than each experiment the substances compared were ad- 
ministered equimolar doses (see tables). For purpose comparison some steroids 
were also administered subcutaneously. 

Androgenic and myogenic activity. The assay was performed the 
method Hershberger al. (17). Male albino rats from our stock, weighing 
about gm. and maintained standard diet, were used. Animals were castrated 
under ether anesthesia. The treatment with steroids was started the day castra- 
tion and lasted for seven consecutive days. the morning the postoperative 
day, the animals were killed blow the head and the weight ventral prostate, 
levator ani and seminal vesicles (without coagulating gland and devoid fluid) deter- 
mined the nearest 0.5 mg. 

Cortisone-like activity. The assay was performed according the method de- 
Cresseri and Meli (18) with some procedural modifications. Female albino 
rats from our stock, weighing about gm. and maintained standard diet, were used. 
Under ether anesthesia, little disk mm. diameter and mm. thickness) 
agar Was inserted into the dorsal anterior medial region each 
animal. The treatment with substances tested started the morning the 
postoperative day and lasted for six consecutive days. the morning the Sth post- 
operative day, the animals were killed ether asphyxiation and the subcutaneous im- 
plant carefully excised. The newly formed connective tissue Was isolated and freed from 
the agar residues, dried filter paper and immediately weighed torsion balance. 
The weight the thymus, spleen and adrenals was determined the nearest 0.5 mg. 


RESULTS 
The data obtained treating animals with testosterone esters and an- 
drostanolone (free and esterified) are reported Table The results 
treatment are reported Table The data 
concerning prednisone, prednisolone and their esters are found Table 
Our experiments show that nearly all the tested compounds belonging 
the androgen and some cortical series show greater degree specific 
activity when orally administered oily solution than when administered 

aqueous suspension the same route. 
more favourable anabolic index obtained oral administration 
androgens, especially aqueous suspension, than when they are adminis- 
tered subcutaneously. 
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TABLE 1. ANDROGENIC AND MYOGENIC ACTIVITY OF SOME FREE AND ESTERIFIED STEROIDS 
GIVEN ORALLY EITHER IN AQUEOUS SUSPENSION OR IN OILY SOLUTION 


Seminal Ventral Levator 
vesicles prostate ani 
Controls 160 1] 14.5+0.3 19.64+0.3 
Testosterone acetate (A) 6.600 
Testosterone acetate (B) 102.2+8.0 
Testosterone propionate (A) 6.880 
Testosterone propionate (B) 6.880 
Androstanolone formate (A) 16.6+1.4* 
Androstanolone formate (B) 6.360 
Androstanolone acetate (A) 6.640 
Androstanolone oenanthate (A) 8.040 12.0+0.9* 
Sleroids given subcutaneous route (for comparison purposes) 

Testosterone (A) 0.288 108.0+4.8 


(A) Daily dose 0.5 aqueous suspending vehicle. 

(B) Daily dose dissolved 0.2 sesame oil. 

Mean values and standard errors are presented. the upper part the table, when 
the values are different from appropriate controls, they are printed 
(steroids oily solution versus aqueous suspension) marked 
steroids versus free ones). Actually most values are significant 


TABLE 2. ANDROGENIC AND MYOGENIC ACTIVITY OF 17a-METHYL-TESTOSTERONE GIVEN 
ORALLY EITHER IN AQUEOUS SUSPENSION OR IN OILY SOLUTION 


Daily Organ weight (mg./100 gm. body 
Treatment dose 


Seminal Ventral Levator 
(mg.) vesicles prostate ani 
Controls 160 6.0+0.1 14.5+0.3 


(A) Daily dose 0.5 aqueous suspending vehicle. 

(B) Daily dose dissolved 0.2 sesame oil. 

Mean values and standard errors are presented. When the values are significantly dif- 
ferent from appropriate controls, they are printed (steroids oily solu- 
tion versus aqueous 
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TABLE 3. THYMOLYTIC AND ANTI-INFLAMMATORY ACTIVITY OF SOME FREE AND ESTERIFIED 
STEROIDS GIVEN ORALLY EITHER IN AQUEOUS SUSPENSION 
OR IN OILY SOLUTION 


Daily dose Number Organ weight (mg.)t 
Treatment (0.5 of ~ 

(mg.) animals Thymus Spleen Adrenals Granuloma 
Controls 50 177.8+ 7.2 +13.0 13.3+0.4 5. : 
Prednisone (A) 0.179 10 94.4+ 9.5 +24.0 12.6+0.7 9.4 3 
Prednisone (B) 0.179 10 74.0+11.6 .7+19.7 11.3+0.6 9.9+2.6 
Prednisone formate (A) 0.193 10 92.4+10.8 .3+35.6 11.3+0.8 52.6+5.: 
Prednisone formate (B) 0.193 10 60.6+ G4 d+ 8.8 9.8+0.6 34.6+4.8 
Prednisone propionate (A) 0.207 10 95.0+ 8.5 259 .0+ 25.0 11.9+0.4 43.9+3.3* 
Prednisone propionate (B) 0.207 10 51.4+ 6.6 98.2+15.7* 10.4+0.3 34.8+3.5* 
Prednisone oenanthate (A) 0.235 18 111.0+ 6.4 256.2+ 14.6 10.9+0.4* 48 .2+3.4 
Prednisone oenanthate (B) 0.235 20 65.7+ 6.4* 235 .0+ 10.3* 10.9+0.4 45.2+3.0 
Prednisolone (A) 0.180 10 81.0+ 7.0 274.0+10.6 12.3+0.5 36.5+4.3 
Prednisolone (B) 0.180 10 72.6+ 9.2 254.2+15.5 10.2+0.7 30.7+2.0 
Prednisolone oenanthate (A) 0.236 10 106.8+11.6 291.0+ 23.5 11.0+0.5 43 .0+3.6 
Prednisolone oenanthate (B) 0.236 10 81.4+11.0 259.7+13.9 11.0+0.3 36.0+3.9 


(esterified steroids versus free ones). 

The effectiveness orally administered compounds seems in- 
creased esterification with short chain fatty acids. 

were also performed investigate the possible role the 
amount the lipidic solvent the specific activity orally administered 
steroid hormones. The influence the addition bile acids, surface active 
agents such sorbitan monooleate (Tween 80) and the 
replacement the sesame oil with free fatty acids were investigated. 
Within certain range, the amount the solvent did not influence 
the specific activity either the androgen the cortical hormones. The 
addition bile acids surface active agents, the replacement sesame 
oil with oleic acid, have little influence the activity steroid 
hormones. 

DISCUSSION 

Although direct evidence can drawn from our data explain the 
increased activity the tested compounds when given orally oily solu- 
tion when compared aqueous suspensions similarly administered the 
following hypotheses may advanced: 

Although generally assumed that the route absorption 
steroid hormones given orally the portal vein, may supposed that, 
when dissolved oil, certain amount ingested material reaches the 
stream way the route, thus avoiding inactivation 
the liver. This hypothesis does not agree, however, with the findings 
Bloklage al. (10) and Hyde al. (19) who showed that the lymph co!- 
lected from the duct the rat contains only small amount 
steroid even when these were administered orally oily solution. 

Steroids oily solution may absorbed more slowly the intes- 
tinal tract and therefore they may present the blood stream for 
longer period time than when they are administered aqueous sus- 
pension. The administration oil would effect the same condition 
obtained after repeated administration crystalline steroid; well 
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known that the biological effect the hormones greater, total dosage 
equal, when they are given repeatedly over period time. 

stated some reports concerning cholesterol (see 1—4), the 
solvent may also increase the absorption steroid hormones. Some doubts, 
however, have been advanced about the role fats increasing cho- 
lesterol absorption Furthermore generally assumed that cho- 
lesterol and steroid hormones are absorbed different routes, viz. the 
former the lymphatic route, the latter the portal route. the other 
hand, the hypothesis that the increased biological activity the steroids 
dissolved oil depends upon higher degree absorption obviously sup- 
poses that the same steroids are absorbed only part from the aqueous 
suspension, which seems rather doubtful. Unfortunately, the amount 
absorption steroids the rat has been largely evaluated 
dissolving the substances 50% which may have facili- 
tated practically complete absorption the administered dose. 

Finally may supposed that the oil solvent protects the steroids 
from eventual transformations during the digestion and absorption proc- 
esses. 

far the administration steroids esterified form concerned, 
our findings have shown that esterification with short chain fatty acids in- 
creased the biological activity some compounds, i.e. dihydrotestosterone 
and This fact already well known for steroids administered 
oily solution. generally believed that esterified 
steroids achieve this greater activity being more slowly absorbed from 
the injection site; whether such explanation may also applied oral 
administration, not know. However, the dog, Collins al. (22) 
have found that the disappearance plasma 17-OHCS following oral ad- 
ministration some hydrocortisone esters high dosage levels was con- 
siderably slower than after administration free steroid. more prolonged 
plasma steroid elevation following administration hydrocortisone cyclo- 
pentylpropionate than after free hydrocortisone was also observed 
Kelley al. (23) human subjects. should taken 
indicate slower rate absorption steroid esters than that free 
ones (perhaps for the time involved the esters prior 
absorption), then the explanation our findings would apparent. 
however the methods used the above mentioned authors did not rule out 
the possibility that the esters are absorbed the intact form, then taken 
and hydrolysed the liver and released more slowly than free 
steroids, the question cannot clearly settled. 

The finding that the activity the formate ester 


this subject some unpublished observations have been quoted the literature: 
the rat oral administration certain hydrocortisone esters resulted enhanced 
liver glycogen deposition activity (22), whereas the dog hydrocortisone acetate, 
doses mg. per kg., did not elicit physiological response (23). However, details 
these studies are not available. 
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high worthy consideration, because these esters have received little 
attention since the report al. (24) who demonstrated the 
activity parenterally administered testosterone formate. 

interesting point brought out our data the lesser degree an- 
drogenic activity (the myogenic activity being equal) exhibited andro- 
stanolone and its esters and testosterone esters when administered 
the oral route when compared subcutaneous administration. The differ- 
ence more evident when aqueous suspensions are 

More questions have been raised than answered our work and further 
efforts will necessary order clarify them. 
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VASCULAR RESPONSES THE PITUITARY STALK! 
CURTIS WORTHINGTON, Jr. 


Department Medical College South Carolina, Charleston, South Carolina 


ABSTRACT 
The superior hypophyseal arteries, primary capillaries, and portal trunks 
the hypophyseal portal system were studied more than 150 living albino 
mice following standardized operative procedure. 
Direction blood flow, vasomotor activity, and changes linear velocity 
blood flow portal trunks were studied following the administration 
several different drugs, the application several different stimuli, and 
the manipulation the arterial blood supply and venous return 
brain case. 
Evidence presented for the validity linear velocity the portal trunks 
rough indicator total blood flow into the anterior pituitary. The prob- 
ability that vasomotor activity and variations portal blood flow affeet an- 
terior pituitary function discussed. The effeets the superior hypophyseal 
arteries and are and the relationships 
vascular phenomena the susceptibility the pituitary in- 
are 
THE almost vears since its description Popa and Fielding (1), 
the hypophyseal portal vessels the pituitary stalk has come 
assume ever more important place the thinking endocrine 
physiologists. The hypothesis humoral control the anterior pituitary 
the hypothalamus, mediated directly way the portal vessels, has 
developed Harris, Green and others, and has the accumulated 
evidence derived from the experiments many workers support it. The 
subject has been reviewed several recent papers (2, 5). 
tion with the extensive physiologic experimentation which has brought the 
neurohumoral hypothesis into its present position strength, number 
morphologic studies the hypophyseal portal system vessels have been 
carried out various species animals. These have been made deter- 
mine the fine ramifications its vascular structure and determine the 
direction blood flow the portal vessels. Although the concept the 
flow blood the portal vessels from the anterior pituitary toward the 
hypothalamus longer seems have very much support, brief review 
the literature bearing this point seems pertinent the data given 
below. 
Despite some comparatively recent support Spanner (6), Schmidt 
(7), and others for Popa and Fielding’s concept that portal blood flows 
Received June 1959. 
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from pituitary the hypothalamus, fairly strong evidence that this con- 
cept was error appeared quite early. 1936, the basis purely 
studies Rhesus monkeys, Wislocki and King (8) concluded 
that the direction blood flow this portal system vessels must 
downward from the median eminence into the pars distalis; and, 1935, 
Houssay, Biasotti, and Sammartino described this direction flow the 
living toad (9). Studies dead tissue preparations number different 
species animals [including long comparative study Green (10), 
studies the rat, rabbit and dog Green and Harris (11), the 
Morato (12), the rat, mouse, guinea pig and bat Morin and 
Bottner (13), the rat Landsmeer (14), the human 
(15) and Xuereb, Prichard, and Daniel (16, 17), and the sheep, rat 
and goat Prichard and Daniel (18, 19, 20, have all supported this 
concept hypothalamic-hypophyseal flow. 1956, Spatz, earlier pro- 
ponent the direction flow, modified his 
view this question the light new evidence (22). 

The studies using techniques involving direct visualization hypophy- 
portal vessels the living animal have thus far all supported the con- 
cept blood flow from the hypothalamus downward into the anterior 
pituitary. These studies include the original investigation Houssay, al. 
the toad; Green, the bullfrog (23); Green and Harris, the rat (24); 
Barnett and Greep, the rat (25); and Worthington, the mouse (26), 
rat and frog (27). 

Despite the large number experimental studies which have been made 
test concept (the neurohumoral hypothesis) which involves directly 
the hypophyseal portal system vessels, and despite the many careful 
anatomical studies which have been made this system, attempts ob- 
tain data relating its physiology have been limited those few studies 
living animals cited above. 

Information the physiology the hypophyseal portal 
vessels seems important. Such information should contribute more com- 
plete understanding the functioning the normal gland. should also 
contribute more complete understanding the functioning the 
gland under the various experimental conditions which have been imposed 
upon it. Since technical problems all but eliminate the use classical phys- 
iological methods, direct observation living animals was 
undertaken. 

MATERIALS AND METHODS 


The experiments and observations described this paper were made over 150 
mice the Carworth Farms strain The majority the animals were male 
and their weight ranged from gm. gm. Animals which had just reached maturity 
were most frequently used, and all mature animals which were used grew maturity 
the environment the laboratory. Each animal was checked prior use for color and 
sleekness coat, texture skin, state hydration, and weight. 


January, 1960 PITUITARY VASCULAR RESPONSES 


Animals were anesthetized with intraperitoneal injections sodium pentobarbital. 
The initial dose was .01 body weight 6.5 solution. This dose was 
supplemented often necessary and sufficient amounts maintain the desired 
level anesthesia. The depth anesthesia was defined follows: 

(1) Light. Making spontaneous movements responding with movement when 
touched. Rapid respiration. 

(2) Moderate. Responding with movement only mildly painful stimulus. 
Slower 

(3) Deep. Not responding with movement any stimulus. Respiration slow and 
shallow. 

With practice each these levels anesthesia could defined within limits in- 
spection and touching without resorting even mildly painful stimulus. 

Sodium pentobarbital was found the most satisfactory agent the several 
anesthetics which were tested. The margin safety was greater, the depth anesthesia 
could better controlled, and this drug seemed interfere less with vascular reactions 
the stalk blood vessels. Administration this drug was, however, associated with 
some vascular effects, and these are described with the other observations. 

The superior hypophyseal arteries and arterioles, the primary capillaries and the 
hypophyseal portal vessels were exposed the technique described Worthington 
(26). This technique consists approaching the under surface the brain through 
ventral midline incision. The trachea divided after removal the muscles overlying 
it, and the cut lower end supported the sternal notch. The upper end retracted 
anteriorly. The esophagus divided and the ends are allowed retract. The attach- 
ment the exposed longus capitis muscle scraped away, and the outer table bone 
removed from point just posterior the the basisphenoid point 
just posterior the transverse sinus. The use bone wax prevents bleeding from bone. 
wide anterior exposure desired, the transverse sinus may plugged with bone wax. 
The inner table the bone removed insinuating fine dental chisel through the 
the basisphenoid and snapping out the remaining thin plate bone. 
The exposed area may irrigated often necessary with mammalian Ringer’s 
solution, and the excess removed fine-tipped suction tube. Details strueture 
beneath the dura may observed without removing this transparent membrane; how- 
ever, the area may studied greater detail the dura removed. This optional 
procedure and entails much additional risk local damage. 

Animals showing signs local damage the region study were discarded were 
those which there had been excessive blood loss during the procedure. The single ex- 
ception this was that number animals whose only abnormality had been loss 
blood during the operation were studied with care order define some the effects 
blood loss hypophyseal portal blood flow. 

Observations were made with binocular monobjective compound microscope, 
equipped with objective and 10, 123, and oculars, and with Leitz binocular 
biobjective dissecting microscope using oculars and and objectives. 
Higher magnifications have not been obtained because technical difficulties. The 
exposed field was illuminated beam light directed obliquely onto the field. Two 
heat-absorbent glass filters were placed the beam. The surface the objective was 
treated with Aerosol prevent fogging. 

The epinephrine used these experiments was bitartrate the form 
commercially available from Winthrop-Stern. The 
choline was the form Mecholyl chloride obtained from Merck and Company. The 
nor-epinephrine was bitartrate obtained from Winthrop-Stern. The 
morphine was the form morphine sulphate hypodermic tablets dissolved water. 


4 


WORTHINGTON Volume 


OBSERVATIONS 


General observations. The pituitary stalk the living mouse and some 
intial observations vascular reactions the vessels the hypophyseal 
portal system were described earlier paper (26). The reactions 
drugs and stimuli described below are those which may induced follow- 
ing the operative procedure described that paper and were observed 
animals under light moderate sodium pentobarbital anesthesia. 

the animals described the earlier paper, blood flow all the 
hypophyseal portal trunks the stalk was each case downward into the 
pars distalis. Reversals direction flow were observed only the pri- 
mary capillaries and arterial anastomoses around the stalk. These observa- 
tions have been confirmed all the animals this longer second series, 
not only those subjected anesthesia and operation only, but also 
those subjected the variety drugs and stimuli described below. 

The arterial vessels supplying the primary capillary system are highly 
contractile, and varying numbers primary capillaries may lost 
view for varying periods. However, active contractility the hypophyseal 
portal trunks has never been observed. Furthermore, the study serially- 
sectioned mouse pituitary stalks has supplied evidence which indicates 
the presence contractile elements the walls the hypophyseal portal 
vessels. Although cannot stated positively that they cannot contract, 
the number animals studied and the variety stimuli involved make 


most unlikely that they do. Narrowing the diameter the column 


red cells the portal vessels has been observed only animals sub- 
jected sudden severe respiratory and vascular embarrassment due de- 
liberate overdosage with nor-epinephrine. Even these circumstances 
there was detectable change the diameter the lumen the vessel. 
the diameter the vessel itself has been observed only when 
there was some passive distention following injections large doses sym- 
drugs. This change presumably due marked elevation 
the systemic blood pressure. 

becomes probable then that change linear velocity the blood flow 
the hypophyseal portal vessels due, when occurs, not any inde- 
pendent contractility the portal trunks themselves, but combinations 
factors lying proximal the circulatory system the portal trunks. 
Such change the linear velocity the portal trunks has been observed 
many times conjunction with many different stimuli. 

Effects sodium pentobarbital. The first the drugs which requires con- 
sideration sodium pentobarbital. Since has been used for anesthetizing 
all the animals this series, its effects had carefully studied before 
other drugs could tested. 

Under light sodium pentobarbital anesthesia, portal blood flow quite 
rapid. moderately heavy supplementary dose the drug given in- 
traperitoneally, within minutes the rate portal blood flow diminished 
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and the arteries and arterioles become dilated. After minutes, 
difference the rate blood flow from that observed before the adminis- 
tration the supplementary dose can seen, and the arterial vessels have 
narrowed somewhat. Heavy sublethal doses sodium pentobarbital give 
similar, but more marked and prolonged effect, and more uniform and pro- 
longed anesthesia. When smaller initial dose the anesthetic used with 
more frequent supplementation, more clear-cut responses the hypophys- 
eal vessels are seen than when initial heavy dose employed. The ad- 
ministration the supplementary doses sodium pentobarbital as- 
sociated with decrease the rate respiration. 

Because these effects, the time administration additional drugs 
has been related the time administration the last preceding dose 
supplementary anesthetic, and great care has been used interpreting ob- 
servations. 

Effects morphine. Morphine sulphate, blocking agent for the adreno- 
corticotrophic response stress (28), has been tested for its effects por- 
tal blood flow and the vessels the pituitary stalk. animals under very 
light sodium pentobarbital anesthesia, the intraperitoneal injection 
mg. mg. this drug per 100 gm. body weight followed reduc- 
tion portal flow rate. (These animals were lightly anesthetized that 
they were spontaneously pulling their restraints.) After the changes 
initially associated with injection sodium pentobarbital supplement 
can longer detected, morphine causes marked reduction portal 
flow rates and dilatation both hypophyseal arteries and arterioles. 
addition, might expected, morphine seems interfere with the re- 
sponse the hypophyseal arterioles and portal blood flow painful stim- 
uli. The reaction morphine reduction portal blood flow and dilata- 
tion the arterial vessels seems all respects similar that 
sodium pentobarbital alone. 

Effects epinephrine. The effects epinephrine applied locally the 
pituitary stalk the mouse have been reported previously (26). dilu- 
tions great 1:5,000,000 the effects local application are arterial 
constriction and reduction the rate portal blood flow. Following the 
administration single arteriole and single group 
primary capillaries have sometimes been observed disappear from the 
field study temporarily. 

single dose epinephrine given subcutaneously intravenously 
per kg.) followed the gradual acceleration portal flow rates, 
and minimal transient narrowing the arterial and arteriolar vessels. 
This followed return their original, slightly larger, diameters. 
The phase arterial constriction lasts for about one minute. over- 
whelming sublethal dose epinephrine given intravenously, there 
transient spasmodic contraction all the arterial vessels, followed 
more prolonged arterial constriction and portal acceleration. pointed 
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out previous paragraph, extremely high but sublethal does epi- 
nephrine given this manner are capable distending the portal trunks 
and result engorgement all the vessels the stalk, including the pri- 
mary capillaries. 

Effects nor-epinephrine. Local and peripheral administration L-nor- 
epinephrine bitartrate has given inconsistent results. some experiments 
low concentrations nor-epinephrine were extremely active when applied 
locally, that they resulted profound arteriolar constriction and reduc- 
tion portal flow rates. other experiments the effects this drug ap- 
plied locally were minimal, with very slight narrowing arterial vessels, 
and considerably more moderate effect the rate portal blood flow. 

some cases when the drug was given high dilutions very slow in- 
travenous infusion, there occurred intense arteriolar constriction around 
the median eminence and stalk and reduction portal flow rates. other 
experiments the results the peripheral administration nor-epinephrine 
were essentially similar those observed with the peripheral administra- 
tion epinephrine and the drug had given least the same dose. 

Large unphysiological but sublethal doses nor-epinephrine given in- 
travenously have, however, given more consistent results. Such large 
dose resulted respiratory embarrassment, cessation blood flow the 
portal trunks and primary capillaries and temporary cessation extreme 
slowing the rate blood flow the superior hypophyseal arteries and 


This followed intense arteriolar constriction and extremely 


rapid portal blood flow. 

Effects Mecholyl. The local application concentrations 
1:1,000 1:100,000 has consistently resulted arterial and arteriolar 
dilatation and the acceleration portal blood flow. This observation was 
made earlier series, and all subsequent observations agree. 

Effects physical Certain stimuli were applied for the purpose 
discovering whether not the caliber the vessels the stalk and the 
rate blood flow the portal trunks could detectably altered such 
stimuli. the animal under moderate anesthesia, the application pain- 
ful stimulus has been observed induce arterial and, more particularly, 
arteriolar vasoconstriction around the median eminence and stalk and as- 
sociated with acceleration hypophyseal portal blood flow. Such stimu- 
lus must intense, however. response may elicited occasion 
such stimuli pinching the tail toe, but with this stimulus, changes 
the rate blood flow the portal vessels usually cannot detected. How- 
ever, drop hypertonic saline injected under the skin the application 
thermal burn back extremities almost always results 
acceleration. The sequence events under these conditions follows: 
Subcutaneous injection hypertonic saline immediately followed 
constriction the arterioles, then spurts acceleration and slowing the 
hypophyseal portal vessels, followed persistent acceleration. Applica- 
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tion thermal burn results intense arterial and arteriolar vasocon- 
striction, temporary slowing the rate blood flow the portal vessels, 
followed marked acceleration. These changes are associated with in- 
crease the rate respiration. 

The total temporary occlusion the tracheotomy opening, more pro- 
longed partial occlusion the tracheotomy opening, results the widest 
dilatation the arterial vessels which has been seen following the applica- 
tion any drug stimulus, and the same time there has been marked 
acceleration portal blood flow. 

While painful and stimulus the form burn applied 
the back the extermities results intense constriction arteries and 
arterioles around the pituitary stalk and marked acceleration the rate 
portal blood flow, the same type burn stimulus applied the very 
thin anterior abdominal wall results arterial dilatation. The result was 
sometimes obtained injuring rather small portions tissue such the 
thin edge the liver portion the gastrointestinal tract. 

Hemorrhage was induced cutting one three vessels: small, con- 
stant superficial vessel the groin, the inferior vena cava, the renal vein. 
Cutting the small vessel the groin attended hemorrhage ap- 
proximately This hemorrhage usually self-limited. its onset, the 
rate blood flow the portal vessels slows for short period (about 
sec.). This followed acceleration. Sudden large hemorrhages, such 
occur when the vena cava cut (not ending with death few minutes), 
are followed almost immediate, marked reduction the rate por- 
tal blood flow and arterial dilatation. The reduction portal rates 
flow and the arterial dilatation are usually prolonged and seldom these 
conditions correct themselves before the experiment terminated. Sudden 
large hemorrhage not necessary for bringing about this response. Animals 
which have bled intermittently and small amounts from vessels the 
bone during the operative procedure have frequently shown arterial dilata- 
tion and overall rate portal flow which was considerably less than 
that animal which has not experienced such hemorrhages. 

almost completely uncontrolled hemorrhage, such when the 
renal vein cut, results death about minutes. There wide arterial 
dilatation, marked and progressive reduction the rate portal blood 
flow and, finally, cessation portal flow the time death. However, 
when the lethal agent hemorrhage alone, the hypophyseal portal 
tion fails only just before the arterial circulation and usually after respira- 
tion has ceased. 

Cessation portal blood flow the portal vessels the upper portion 
the stalk may induced interrupting the superior hypophyseal 
arteries. some cases unsatisfactorily prepared animals which pres- 
sure was inadvertently exerted the lower reaches the portal trunks 
they fan out into the pars distalis, reduction the rate blood flow and 
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thrombosis occurred. Bilateral common carotid ligation results very 
marked slowing the blood flow the portal vessels and the pri- 
mary capillaries but does not result cessation blood flow these ves- 
sels. Apparently, there sufficient vertebral circulation support con- 
tinued circulation within the portal system. 


DISCUSSION 


The rather severe limitations this type preparation and problems 
interpretation associated with the observations described have been dis- 
cussed previous paper (26). review this point briefly, the animal has 
been subjected anesthesia and very traumatic operative procedure. 
may well state maximal stress may have passed through 
such state. There assurance that the vascular activity observed 
such animal anything like that normal unanesthetized intact 
animal. Most, but not all, the large number capillaries the pituitary 
stalk have been patent least some the time and usually all the time 
almost every animal which has been examined. However, apparent 
from the data presented above that, even under these extreme conditions, 
the vessels the pituitary stalk show some variation and some re- 
sponse number drugs and peripheral 

These observational data are presented preliminary attack the 
problem the relation hemodynamic factors neurohumoral mecha- 
nisms and the control the anterior pituitary. The possibility such re- 


lationship has been suggested number different workers (29, 30, 31, 


32, and others). However, the emphasis neurohumors has 
tended divert attention from area which might well supply important 
and even essential data for more complete understanding anterior lobe 
function. 

Since linear velocity portal blood flow being used rough indica- 
tor total anterior lobe blood flow this discussion, the following com- 
ments are made support the validity this indicator. 

First, under control and all experimental conditions thus far tested there 
active contraction the wall the hypophyseal portal vessels. There- 
fore, all probability there will changes linear velocity which are 
dependent solely vasoconstriction portal trunks. 

Second, there evidence, derived from sheep, rat, goat, and man, that 
the portal vessels the stalk are the only blood supply the anterior lobe 
(15-21). The only recognized exception the rabbit (33). 

Third, sections the pituitary stalk the mouse reveal major struc- 
tural differences between those portal trunks the surface and those 
which are deeper. the leopard frog, Rana pipiens, which the entire 
stalk can transilluminated, there seems essential difference be- 
tween the structure and behavior those vessels which are closer the 
surface and those which are deeper. 
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Fourth, the essential point has been made repeatedly that the observed 
direction flow the portal vessels downward from the hypothalamus 
the pituitary. The animals reported this paper, taken together with 
previous data rats (24, mice (26), and cats (34) give con- 
firmation this point over 236 mammals three different species. This 
addition the work living amphibia previously referred to. 

Thus, all probability, have non-contractile set portal trunks 
which conducts blood from the median eminence the pars distalis and 
which, many animals, serves the sole source metabolites for the 
pars distalis. likely, therefore, that observable portal rates flow are 
valid rough indicator the rates which substances the general circu- 
lation and, more specifically, primary capillary blood may supplied 
the pars distalis. 

Although experiments have shown that small percentages anterior 
pituitary tissue the sella turcica will support adequate anterior pituitary 
function (35), does not necessarily follow that such experiments have 
validity when applied the question the definition adequate blood 
supply the anterior pituitary. seems quite possible that fairly 
small percentage anterior pituitary tissue adequately supplied with por- 
tal blood might considerably better able support normal anterior 
pituitary function than the entire gland morphologically intact but with 
the rate blood supply reduced less than the minimum required for the 
formation, release, and carrying away any given trophic hormone. 

Campbell and Harris (36) have shown that stalk-sectioned rabbits the 
pars distalis atrophies about equal degree, whether not paper 
plate inserted between the cut ends the stalk, and that those without 
plates show greater functional activity. Since there approximately equal 
atrophy and since there are approximately equal numbers India ink- 
filled capillaries present, they conclude that atrophy due decreased 
supply not factor decreased function. apparent from their 
data, however, that the presence the plate must have reduced the num- 
ber afferent vascular channels into the anterior lobe. For this reason, 
there remains the possibility that the presence the plate may suffi- 
cient reduce the rate blood supply below the critical level for adequate 
function without causing outright infarction, and that this may con- 
tributing factor the reduction functional activity observed. The pres- 
ence artery below the level the sella diaphragm the rabbit does 
not detract from this possibility. 

There are several points interest relating the action drugs and 
stimuli the rate blood flow the portal trunks. 

Two “blocking (Nembutal and morphine) bring about distinct 
reduction the rate the hypophyseal blood flow. Even small supple- 
mentary doses sodium pentobarbital animal which under very 
light anesthesia will bring about slowing hypophyseal portal 
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blood flow and arterial dilatation, and heavy but sublethal doses the 
same drug will bring about quite marked slowing the rate blood 
flow. the case morphine, may protested that the drug was tested 
animal under sodium pentobarbital anesthesia. However, ani- 
mal lightly anesthetized with sodium pentobarbital that was pulling 
the restraints and was probably conscious, the administration morphine 
resulted slowing. seems possible that these drugs (and perhaps others) 
which are known block the release certain anterior pituitary hormones 
are acting part through reduction the rate blood flow into the gland. 

Conversely, the peripheral administration epinephrine, the applica- 
tion painful stimulus, the obstruction the animal’s air supply the 
application stimulus both painful and traumatic (such thermal burn 
the extremities back) results rate blood flow well above that ob- 
served the control animal. These types stress stimuli are known 
bring about the release hormone (37). Here again 
might hypothesized that part the effects these stimuli was not 
being mediated entirely activation the nervous system, but in- 
creasing the rate which materials necessary for the production release 
specific hormones the anterior pituitary were being supplied the 
gland. 

What vascular factors are necessary for normal functioning the ante- 
rior pituitary? Are specific changes the vascular apparatus sufficient 


activate the anterior pituitary? reasonable assume 


that intact and normally functioning vasculature necessary for the 
normal functioning the gland. quite difficult, however, define 
normally functioning vascular apparatus for the pituitary. The mere pres- 
ence injectable capillaries any number not sufficient evidence that 
the anterior pituitary (or any other tissue) the living state receiving 
blood sufficient rate maintain any given function. possible that 
sufficient blood may passing through the sinusoids the anterior 
pituitary maintain the viability the cells the gland parenchyma 
but rate insufficient maintain one more the functions the 
glandular cells the organ. Since two the blocking agents which have 
been shown interfere with functions the anteroir pituitary are also 
capable markedly reducing the rate blood flow through the gland, the 
possibility that they are acting part through vascular effects should 
recognized until there evidence exclude it. 

Whether not vascular changes alone are sufficient stimulate any 
the secretory activities the anterior pituitary, the data given this 
paper show that, some circumstances usually associated with the re- 
lease adrenocorticotrophic hormone, there unusual increase the 
rate blood flow through the gland. Rapid delivery pituitary hormones 
target organs might well necessitate rapid blood flow through pituitary 
tissue. Until has been clearly demonstrated that increases rate blood 
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flow are unnecessary for increased delivery hormones one more 
target organs, the possibility should not ignored. 

The preceding comments, which have been directed toward changes 
the rate supply substances the general circulation, may applied 
with equal force specific neurohumors delivered into the portal blood. 
The neurohumoral hypothesis, previously noted, supported mass 
indirect evidence and apparently awaits only the isolation and demon- 
stration the substance substances involved, for final proof. The strik- 
ing experiments Nikitovitch-Winer and Everett (38) have demonstrated 
quite clearly that transplanted anterior pituitary tissue must placed 
close relationship the median eminence and its quite specialized set 
vessels for normal gonadotrophic function maintained. the neuro- 
humoral hypothesis correct, increase rate portal blood flow may 
acting facilitating mechanism the formation and/or release 
adrenocorticotrophic hormone, luteinizing hormone and follicle-stimulat- 
ing hormone. 

Luteotrophic hormone special case. Evidence increased luteotro- 
phic hormone secretion from pituitary transplants away from the median 
eminence (39), induction lactation and pseudopregnancy (40, 41) with 
drugs which depress the central nervous system, and lactation following 
stalk section (42) all imply inhibitory action the hypothalamus. Since 
all these procedures involve interference with the portal blood supply, 
the probability thereof, and since variations rate portal flow have been 
amply demonstrated, the possibility degree control LTH secre- 
tion, mediated the rate which inhibitory substance might 
supplied the gland, must considered. the case transplants away 
from the median eminence, this rate would approach zero. Still another 
possibility reduction the rate supply some less inhibi- 
tory material the general circulation. This latter concept would elimi- 
nate necessity for hypothesizing specific inhibitory hypothalamic neuro- 
humor for LTH. 

summary, variety stimuli alter markedly the rate hypophyseal 
blood flow. The possibility that such alterations are related alterations 
functional activity, which may may not related specific neuro- 
humors, has not been excluded, and what constitutes adequate blood 
supply the anterior pituitary has not been satisfactorily defined. 

Observations the effects hemorrhage are interest from the point 
view the potential effects shock anterior pituitary blood supply 
and function. The occurrence anterior lobe infarction following postpar- 
tum hemorrhage (43), the studies Prichard and Daniel showing localized 
infarction the anterior lobe following the cauterization individual por- 
tal trunks the rat (20), the presence fine, highly contractile arterioles 
(26), and the portal trunks and two sets capillaries interposed between 
the cerebral arteries and the venous sinuses the brain case, suggest the 
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possibility relatively high susceptibility factors leading vascular 
insufficiency. However, these experiments, the case hemorrhage 
alone, portal blood flow never failed completely until just before death. 
Furthermore, attempts induce sufficient degree hemorrhagic shock 
produce thrombosis the portal vessels met with failure. addition, bi- 
lateral occlusion the common carotids, while interfering markedly with 
the rate blood flow the hypophyseal portal vessels, was not sufficient 
eliminate flow completely. the other hand, three cases which 
adrenalectomized animals were examined two five days following adren- 
alectomy (27), gradual reduction the rate portal blood flow and stasis 
occurred minutes hour before death ensued. Thus, would seem 
that factors other than those associated with acutely induced hemorrhagic 
shock alone are necessary produce thrombosis the portal vessels. 

Preliminary experiments have been made the effects occluding por- 
tions the venous drainage the head and increasing intracranial pres- 
sure. The results suggest that occlusion venous outflow and pressure 
veins within the brain case are more effective reducing the rate hypo- 
physeal portal flow than hemorrhagic shock partial interference with 
the arterial supply. 

The experiments with epinephrine and nor-epinephrine acting local 
agents indicate that each these drugs constrictor when applied locally 
the superior hypophyseal vessels. The results observed with 
suggest that cholinergic drugs this type are vasodilators pituitary ar- 
terial vessels when acting locally. These results, taken with the responses 
some the physical stimuli, indicate the presence autonomic vasodilator 
and vasoconstrictor mechanisms for the superior hypophyseal 
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THE EFFECT THYROXINE ANALOGUES 
TRANSPLANTABLE MOUSE PITUITARY TUMOR! 


RAWSON 


The Sloan-Kettering Institute for Cancer Research the Memorial Center, New York, 


ABSTRACT 

Twenty-seven compounds structurally related thyroxine were tested for 
their effect depressing the growth TSH secreting pituitary tumor. After 
the transplanted tumor had grown approximately 1.5 centimeters 
radiothyroidectomized hosts, compounds were injected daily for various 
periods time. Measurements tumor size were made weekly. Quantitative 
data were obtained relating amounts the compounds required suppress tu- 
mor growth. Activity the analogues was calculated terms relative 
potency compared Triiodothyronine was the only compound 
effective compounds were found more effective. Most 
analogues compare well when compared the basis preventing thiouracil 
induced goiter and effectiveness inhibiting tumor growth. compound 
which failed show thyroxine-like activity, previously reported methods, 
was found capable preventing tumor growth. compound even high 
doses caused the completed disappearance established tumors. 


1949 Gorbman (1) reported that the administration radioactive 

iodine resulted the development pituitary tumors some strains 
mice approximately later. Furth and associates (2, later 
showed that such tumors could transplanted into radiothyroidecto- 
mized mice and ultimately, after many transplantations, into normal hosts. 
These tumors produced large amounts TSH which markedly stimulated 
the thyroid gland normal mice bearing tumor transplants. was also 
found that the administration either thyroxine thyroglobulin 
tumor-bearing mice inhibited the growth the pituitary tumor (5). 

studies have indicated that the biological activity thyroxine 
analogues varies somewhat depending the method used for study (6, 
8). The question arose whether some the analogues which have 
shown little activity previously reported studies might active 
inhibiting the growth transplantable pituitary tumors. The present 
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study was undertaken for this reason and with the hope obtaining some 


insight into the factors involved growth and function the pituitary 
tumors. 


MATERIALS AND METHODS 


Most the analogues were synethsized the Warner-Lambert Research 
The were dissolved previously (6) and injected subcutaneously 
into mice daily volume 0.1 ml. Fresh solutions were made the start each 
study and aliquots for daily use separated into small vials which were kept frozen until 
used. For quantitative studies each compound was tested different concentrations 
groups five mice bearing tumors 

The two original pituitary tumors used were obtained from Dr. Jacob Furth 
Boston. Both were dependent for growth upon the absence the thyroid and secreted, 
far have determined, only the thyroid stimulating hormone. These tumors 
and came from the same mouse and had been earried through 
five generations sublines Dr. Furth. For quantitative evaluation the 
activity thyroxine analogues only mice bearing tumor LA3052A were used. 

Approximately 600 male mice about six weeks old when obtained from Jackson 
Laboratories were used. When the animals arrived they were placed Remington low 
iodine diet for weeks. the end this period all mice were given single intraperito- 
neal injection we. Three days later the animals were placed regular 
laboratory chow. 

Tumor tissue for transplantation was obtained from hosts bearing tumors between 
and size. Aseptic transplantation was done 2-3 weeks following the administra- 
tion Tissue was chopped finely and approximately volumes Eagle’s solution 
added. Between ml. this suspension was injected intramuscularly into the 
right thigh using gauge needle. 

The first sign tumor growth was usually about months after 
Tumors were measured weekly means calipers three different planes. Tumor 
volume was multiplying these values (in em.) give volume ce. The 
value was found somewhat higher than the actual weight determined 
autopsy. This discrepancy mainly the irregularity tumor shape and sur- 
rounding tissue, especially animals bearing large tumors. For practical purposes this 
value proved useful since weekly growth curves treated animals could compared 
with controls without killing mice. 


RESULTS 


studies were started animals bearing tumors 
size. For the first 2-3 weeks tumor growth was not marked control ani- 
mals (Figs. and 2). weeks the tumor mass had increased approxi- 
mately times size. Thereafter the tumors grew rapidly until the 
death the hosts. Treatment tumor-bearing animals with active com- 
pounds depressed growth tumors roughly proportion the dosage. 
This illustrated Figure where different doses L-thyroxine are 

Kline and French furnished the 
Travenol Laboratories, supplied the and The 
iodothyrobutyrie acid were obtained from 
Cyelo Chemical Company. The was furnished Dr. 
Lerman and synthesized Sir Harington. 
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THYROXINE CONTROL 


DOSE IN poems enimel dey 


GROWTH 


pituitary tumor different doses 
thyroxine compared with control animals. 


TUMOR 


compared. dose microgram more L-thyroxine completely pre- 
vented tumors from growing, but doses 100 times greater failed cause 
disappearance established tumors. The higher doses L-thyroxine did, 
however, cause weight loss and death some animals. 

Figure shows similar study done with p-thyroxine and illustrates that 
some doses (for example ug. slowed initial tumor growth 
for weeks. After this time the tumors began grow and, with some 
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compounds, ultimately attained large sizes. Doubling the dose com- 
pound frequently flattened depressed the growth curve for few weeks. 
Growth then resumed rate similar that observed before changing 
the dose. High initial doses effective compounds were capable com- 
pletely suppressing tumor growth for the duration the study. 

Analogue effectiveness was calculated from the growth curve the 
tumor seven weeks after injections started. This time was selected because 
beyond this point control animals often died. The average size the 
tumors weeks was expressed the percentage difference from the un- 
treated control group. These were compared for standard response 
group animals treated with 0.25 ug. Data obtained 
weeks from the effects various concentrations test analogues were 
plotted semilog paper and the amount compound necessary induce 
50% depression tumor growth determined. The values, 
shown Table indicate the biological effectiveness the compounds 
relative L-thyroxine which was given arbitrary value 100. The 
culated potency based the amount compound, weight, required 
produce 50% depression tumor growth. The amount 
necessary produce this degree inhibition was found repeated assay 
range between 0.22 and 0.26 per animal per day. essential differ- 
ences were found the response different transplants the same 
strain tumor. Compounds were considered inactive they failed show 
inhibition tumor growth maximal dose 100 per animal per day. 
This dose about 400 times the dose L-thyroxine required produce 
50% inhibition tumor growth. 

the thyronine compounds studied only p-thyroxine, 
phenoxy) alanine ethyl ester 1700) were found have appreci- 
able biological potency when compared (Table 1). Deter- 
mination potency, weight basis, showed possess ap- 
proximately one-half the effectiveness L-Triiodothyronine 
the other hand was found effective L-thyroxine. p-Thy- 
roxine had 12% the biological potency about one-fifth 
the activity the racemic form. None the moniodinated, diiodinated 
other thyronines showed any inhibitory activity against tumor growth. 

The two acid analogues which were tested showed essentially 
effect preventing growth the pituitary tumors. 

Three propionic acid analogues were assayed and only 
and triiodinated compounds had significant activity against tumor growth. 
None the compounds, however, appeared have more than 10% 
the potency possessed 

Four analogues the thyroacetic acid series were studied and these 
acid (tetrac) and 
acid (triac) were found one-half active Reverse 
showed evidence inhibition. The 3,5,3’-triiodothyro- 
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Compound 
1700* 
No. 
No. 
1631 
1651 
1641 
No. 
No. 


1620 
1621 


1524 


1525 


1628 


Thyronine series 


alanine 
ester 


noxy 
lone 


acid 


Volume 


Relative 


potency 


100 

100 
Inactive 
Inactive 


Inactive 


Inactive 


Inactive 
Inactive 
Inactive 

ene) hydantoin, ether Inactive 

Butyric acid series 
acid 
acid Inactive 
Propionic acid series 

acid 
acid 
Inactive 


The structural formulas compounds indicated numbers only may found the paper 
Stasilli, and Meltzer (7). 


PaBLE 1. RELATIVE POTENCY OF COMPOUNDS ON GROWTH OF TI MOR TRANSPLANTS 
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TABLE 


Compound Relative 


potency 
Acetic acid series 
1699 acid Inactive 
Formic acid series 
COOH benzoic acid Inactive 
No. acid, meth- 
ether, ester Inactive 
ether, ester Inactive 
COOCH, methoxy phenoxy)-benzoate Inactive 


acetic acid methyl ether 1702) had 10% the 
Five compounds were investigated and all appeared 
devoid biological effectiveness against the transplantable tumors. 


DISCUSSION 


This study confirms the observations Furth and Gadsden (5), that 
thyroxine administration inhibited the growth transplantable TSH 
secreting pituitary tumors mice. From the present data clear that 
this inhibitory capacity not limited thyroxine since some thyroxine 
analogues were also capable suppressing pituitary tumor growth. When 
the present data are compared with previously reported studies using es- 
sentially the same analogues apparent that good correlation exists 
between prevention tumor growth and tadpole metamorphosis (6), 
collection the rat thyroid (8) oxygen consumption (7). The best cor- 
relation appears exist between pituitary tumor depression and preven- 
tion thiouracil induced goiter (7). 

the relative potency for goiter prevention (7) plotted against the 
inhibition pituitary tumor growth for the effective compounds shown 
Table the majority the points fit closely the theoretical curve. 


| 


KUMAOKA, MONEY AND RAWSON Volume 


The two main exceptions are compound 1700 
thyronine, both which are more effective preventing thiouracil in- 
duced goiter rats than suppressing pituitary tumor growth mice. 
Whether this represents true separation response only reflection 
variations which exist the precision the determinations (6, 
present unknown. may significance, however, that 
thyronine was the only analogue found the present study potent 
L-thyroxine. This interest since triiodothyronine has been found 
the more classical methods study times more active than 
thyroxine. compounds were found more effective the present study 
than either thyroxine triiodothyronine. 

important consideration regarding this type study that re- 
producibility results depending the strain pituitary tumor. has 
been reported previously (3) that “dependent the type used 
above are capable becoming the course serial trans- 
plantation. Moreover, the TSH concentration these tumors also 
altered successive transplantations (9). was observed the present 
study that two strains tumors (LA3052A and showed marked quanti- 
tative differences growth characteristics. For this reason, all comparative 
studies were done using the strain tumor. This tumor, the two gen- 
erations through which has been carried, has given consistent and repro- 
ducible results. has yet determined whether the response other 
strains tumors analogues will differ. 

The mechanism the inhibition tumor growth not known. Since 
there direct anatomical connection with the hypothalamus, can 
assumed that the action directly the tumor cells. However, indirect 
effect via some other pathway has not been ruled out. 
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ABSTRACT 


Uterine phenol-stimulated DPNH oxidase not present spayed, 
adrenalectomized, hypophysectomized, immature rats. Small doses 
estrogens for three days greatly increase the activity the enzyme system 
all these animals. The administration ug. estradiol 
produced significant increase activity hours spayed rats, 
hours immature and hypophysectomized rats, but failed elicit 
tivity hours spayed-adrenalectomized animals. Rats weighing 
gm. showed cyclical correlation between enzyme activity and the vaginal 
smear but 185-24 rats did not show this correlation. The increase 
uterine weight due water imbibition following the administration estrogen 
not related enzymatic activity. Testosterone, cortisone, and progesterone 
did not enhance activity the rat uterus. 


REVIOUS studies from this laboratory have shown (1) that the uteri 

intact and estrogen treated oophorectomized rats contain reduced 
diphosphopyridine nucleotide (DPNH) oxidase? which requires 
factor certain phenolic substances. The phenol-activated oxidase mark- 
edly decreased uterine homogenates from oophorectomized rats. This re- 
port presents further studies the biological behavior this enzyme. 


MATERIALS AND METHODS 


Sprague-Dawley female rats various weights which will indicated subsequently, 
well week old rats were obtained from The Charles River 
Breeding Laboratories. They were maintained Purina Dog Cheekers and water 
libitum. addition and adrenalectomized rats received 
dextrose and sodium chloride drinking solution. The animal room was maintained 


24° 

The enzymatie activities this report are expressed the change density 
340 per minute per mg. wet weight tissue. This unit was felt preferable 
expression activity terms nitrogen for several reasons. Uterine tissue contains 
high and amount collagen depending the functional state the tissue 
(2). The uterus the rat has 80% water content which rises 
maximum 85% six hours after the administration estradiol and returns 80% 
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Hereafter the terms oxidase enzyme will refer uterine phenol-activated oxidase, 
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water content hours (3). Almost the entire dry weight can accounted for terms 
protein, that would not anticipated that significant differences enzyme 
activity would occur result generalized protein increase. Finally, evidence has 
been presented previous report that homogenates prepared comparable wet 
weight basis from the uteri oophorectomized and estrogen treated rats not exhibit 
large difference protein content (1). 


Assay phenol-activated 

After the rats were sacrificed sharp blow the head, homogenate each 
rat uterus was prepared immediately ice cold 0.25 sucrose with the aid conical 
glass homogenizer supplied the Kontes Glass Company. The homogenate was filtered 
through nylon gauze prior use. The assay was performed spectrophotometrically 
measuring the rate disappearance DPNH 340 Beckman model spectro- 
photometer. The incubation mixture consisted 0.006 phosphate buffer 6.8, 
manganese chloride, DPNH, and appropriately diluted homog- 
enate total volume 3.0 The initial rate was determined room temperature 
the presence and absence 2,4-dichlorophenol. oxidation DPNH 
the absence dichlorophenol. Appropriate volumes homogenates were 
used for the assays that the observed rates were proportional the amount 
enzyme added. 

RESULTS 

Effect administration estrogen 


Figure shows the effect the administration daily doses estra- 
diol-178 subcutaneously sesame oil rats weighing 150 gm. These 
animals had been spayed one month previously. They were killed the 
4th day and the uteri were assayed. The level enzyme uterine homog- 
enates from spayed animals increased from control values when the dose 
estradiol was 0.5 Above this dose little additional activity was ob- 
served. Comparable homogenates liver, kidney, spleen, and adrenal 
showed detectable oxidase activity. 

study similar that performed spayed rats was carried out 150 
gm. spayed-adrenalectomized animals shown Surgery was 
done one month before the animals were given daily injections estradiol 
for three days. Untreated rats had uterine 
oxidase activity. However, the administration little 0.01 ug. 
estradiol these rats induced significant enzymatic oxidation DPNH. 
Doubling the dose estradiol increased further the activity. 

Table illustrates the effect three daily doses estradiol day 
old rats. Untreated animals had detectable oxidase except for one ani- 
mal out twenty which showed the barely significant level 0.005 
tissue. Activity was not induced with 0.01 estradiol 
these animals, but 0.025 ug. estradiol induced significant oxidase 
activity which increased with increase the dose. duplicate experiment 
with the additional administration 1.0 mg. progesterone oil the 
second day preduced activities higher than those achieved 
with estradiol alone. Six week old hypophysectomized rats had de- 
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0.140 
0.120 
” 
0100 
0.04 
0.02 
0.0 
Estradiol 


various doses estradiol spayed rats uterine oxidase. The 
hormone was given daily for subcutaneous injection and the animals sacrificed 
the fourth day. Numbers enclosed indicate the number rats showing 
identical assay. dose 0.5 ug. and higher the mean the enzymatic activity 
differs from the mean control value test. 


tectable levels uterine oxidase and the administration estradiol pro- 
duced enzymatic levels somewhat less than that engendered immature 
animals. 

The time course the induction oxidase activity was studied in- 
jecting intact, spayed, spayed-adrenalectomized and immature rats with 
estradiol 0.1 ce. propylene glycol the intracardiac route. 
Figure shows such study 150 gm. rats spayed one month before injec- 
tion. this experiment, third the showed measurable 
activity. and hours after injection, the enzymatic 


TABLE THE EFFECT ESTRADIOL UTERINE OXIDASE 
SPAYED-ADRENALECTOMIZED RATS 
The indicated doses estradiol were injected subcutaneously daily for days and the 
rats sacrificed the 4th day for assay. 


O.D./min./mg. tissue, 


Dose, ug. Number rats 
1.000 
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TABLE THE EFFECT ESTRADIOL UTERINE OXIDASE DAY OLD RATS 


The indicated doses estradiol-178 were injected subcutaneously daily for days and 
the rats sacrificed the 4th day for assay. 


0.00 
0.00 
0.010 0.00 
0.025 
0.100 0.048 +0.010 
0.200 0.069 
100.0 


0.120 +0.005 


activity was increased over the controls barely significant 
amount. Within hours oxidase activity had declined control levels. 
Several the control spayed rats showed significant oxidase activity, with- 
out, however, concomitant uterine enlargement. was further noted that 
those uteri which remained inactive with respect enzyme function 
and hours after estrogen injection (cf. Fig. nevertheless grossly ap- 
peared have been stimulated the hormone. Table shows the result 
intracardiac administration estradiol day old rats. Four hours 
after injection, the uterus had responded with the expected weight in- 


340 Min./mg. Tissue 


Hours 


Effect intravenous estradiol uterine oxidase spayed rats. The animals 
weie sacrified the indicated times after intracardiac injection estradiol 
0.1 propylene glycol. 


4 
0.080 
0.040 
@(2) 
2 
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TABLE 3. THE EFFECT OF INTRACARDIAC ADMINISTRATION OF ESTRADIOL ON UTERINE 
OXIDASE IN IMMATURE RATS 


Ten estradiol-178 were injected the intracardiac route the indicated number 
hours before the enzyme assay. 


O.D./min./mg. tissue, 


crease, but the enlarged hyperemic uteri were devoid enzyme activity. 
and hours, half the animals showed significant activity, and 
24, 48, and hours all manifested definite enzyme activity. These experi- 
ments indicate that the uterus may increase weight result estro- 
gen stimulation without necessary gain oxidase activity. 

Preliminary studies showed that the intracardiac administration 
ug. estradiol spayed-adrenalectomized rats did not give rise per- 
ceptible levels enzyme hours. For this reason, the effect this dose 
estrogen was studied spayed-adrenalectomized rats which had been 
previously treated with small doses estrogen the hope that 
the enzyme system would induced more rapidly. Rats weighing 150 gm. 
were spayed and adrenalectomized one month prior the experiment. 
Three days prior the experiment the daily injection 0.01 ug. 
estradiol oil was begun. the fourth day, intracardiac injection 
estradiol was made. Table demonstrates that the early induc- 
enzymatic activity did not occur these animals. this study, the 
increased uterine weight which occurred rapidly response the intra- 
dose striking contrast the negligible enzymatic levels ob- 
tained. 

Experiments were done determine the effect intracardiac adminis- 


TABLE THE EFFECT INTRACARDIAC ADMINISTRATION ESTRADIOL UTERINE 
OXIDASE SPAYED-ADRENALECTOMIZED RATS 


The data marked represents untreated spayed-adrenalectomized animals. The 
remainder the data was obtained from spayed-adrenalectomized rats treated with 0.01 
ug. estradiol administered for days injection oil. the 4th day 
intracardiac injection was done estradiol propylene glycol. The time column 
represents hours after intracardiac injection. 


181+ 9 0 
269 +33 +0.002 


0.007 +0.001 


4s 


HOLLANDER, STEPHENS AND ADAMSON Volume 


340 Tissue 


Body Weight Body Weight 
(180 240 Gm.) Gm.) 


Fig. Uterine oxidase levels intact rats. The animals were divided into two groups 
the basis body weight shown. Smears were coded follows: anestrous; 


proestrous; estrous; metestrous. 


TABLE 5. THE EFFECT OF VARIOUS COMPOUNDS ON UTERINE ENZYME ACTIVITY 


All compounds were given daily the indicated doses subcutaneous injection for 
three days. The animals were sacrificed the 4th day for uterine enzyme assay. 


Uterine weight O.D./min./mg. 
Compound Dose, mg., tissue, 
Estradiol-178 0.10 spayed 0.011 +0.005 
Estriol* 100 spayed 308+ 
Progesterone 1000 spayed 152+15 0.009 
Progesterone 100 immature 47+ 
Stilbestrol 0.005 immature 119+10 0.000 +0.00 
Stilbestrol immature 202+ +0.002 
Norethynodrel 10.0 immature 69+ 0.000 
tosterone 1000 immature 98+ 0.000 
Estradiol-178 3.0 
nortesto- immature 145+ 0.014 +0.002 
sterone 100 
Cortisone 1000 spayed 100+ 0.000 


single injection was given hours before assay. 


= 
e 
0.04 
e e 
0.02 
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tration estradiol hypophysectomized rats. activity was pres- 
ent hours after administration ug. estradiol 
rats and absent untreated controls. 


Uterine enzyme levels intact rats 


contrast uterine homogenates from spayed hypophysectomized 
rats, preparations from intact females showed definite enzymatic activity. 
Vaginal smears were done rats selected random from the animal 
room, and the corresponding uterine homogenate assayed for enzyme 
activity. Figure shows the data when rats were separated into two groups, 
100-175 gm., and gm. body weight. When the vaginal smear 
pictures were broken down into anestrus, proestrus, estrus, and metestrus, 
became apparent that the uteri the rats showed minimal 
activity during metestrus. this group animals the uterine activity 
varied cyclical fashion reaching maximum during estrus. the older 
group rats examined there was moderate level uterine oxidase activ- 
regardless the vaginal smear picture and variation was 


Effect various compounds the induction the oxidase 


The effect various hormones the induction oxidase activity 
shown Table Estradiol and stilbestrol induced definite enzymatic 
activity. Progesterone gave insignificant increase high dose level. 
Testosterone, cortisone, and nortestosterone 
produced effect the oxidase activity, although all except cortisone in- 
creased the uterine weight. 


DISCUSSION 


Phenol-activated oxidation reduced diphosphopyridine nucleotide 
cannot detected the present technique the uterus hypophysecto- 
mized, spayed-adrenalectomized, immature rats. The explanation for 
the the system uteri from occasional spayed rats not 
clear. Most spayed rats have detectable level the enzyme and the 
probable explanation for the exceptions lies varying degree adrenal 
estrogen production. Woolley has shown that estrogen produced the 
adrenals certain strains spayed mice (4). This question still under 
study. The dose estrogen required produce significant levels uterine 
oxidase the range that used elicit physiological response. There 
satisfactory explanation for the lack response occasional animal 
doses estradiol capable producing marked effects most animals. 
The induction oxidase over three day period injection with estrogen 
the animal does not require adrenal hypo- 
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physeal function and occurs promptly immature animals just does 
mature spayed females. 

The rapid development oxidase activity following the intracardiac in- 
jection single dose estradiol spayed rats interest. Within two 
hours, significant increase enzyme activity has occurred. This increase 
occurred during the period concomitant rapid water imbibition (5) and 
enhanced oxygen consumption (6) due the administration estradiol 
the castrate rat. During this early period, serine aldolase activity in- 
creases slightly (7). 

The rapid induction oxidase activity spayed animals resulting from 
the intracardiac administration estradiol suggested that the enzyme 
might play key role the early phase estrogen induced uterine growth. 
However, the failure early enzyme induction the administration 
estrogen spayed-adrenalectomized and immature animals demonstrates 
that this hypothesis untenable since early uterine weight increase oc- 
curred these studies. Evidence has been presented Spaziani and Szego 
that the early response the uterus estrogen can explained 
histamine mechanism (8, 9). 

The variation uterine oxidase young mature rats suggests 
possible physiological role for this enzyme system. Studies Ring have 
shown that alkaline phosphatase also undergoes cyclical variation 
activity the uterus dependent the phase estrus (10). explanation 
afforded for the lack cyclical enzymatic activity the uterus the 
heavier rats. These animals were not senescent, but varied age from 
weeks, nor had they ever been pregnant. Perhaps enough adrenal estro- 
gen produced certain stage development prevent cyclical de- 
cline oxidase. Further study required elucidate this question. 

Stilbestrol and estradiol differ appreciably chemical structure but are 
estrogenic and both are capable oxidase induction. The administra- 
tion testosterone produced considerable increase uterine weight but 
gave rise oxidase activity. Norethynodrel and 
nortestosterone also induced uterine growth without oxidase induction. 
demonstrated that norethynodrel had steep slope the dose re- 
sponse curve uterine weight (11). thus behaved like estrogen con- 
trast 17a-ethinyl-nortestosterone which showed shallow response curve 
typical impeded estrogen (12, 13). therefore somewhat suprising 
that norethynodrel failed induce enzyme activity. general, however, 
appears that estrogenic substances increase uterine oxidase activity 
while other steroids, even though they are capable increasing uterine 
weight, fail affect this enzyme. 

Uterine phenol-stimulated oxidase bears certain resemblances the 
uterine DPNH oxidase system described Bever al. (14). The daily 
administration estrogen for days increased the activity this system 
about fourfold. Untreated animals had low but definite DPNH 
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oxidase activity. However, this enzyme was measured 8.2 the pres- 
ence cyanide. Phenol-stimulated oxidase has almost activity this 
and completely inhibited the concentration cyanide used. 
phenolic other cofactor requirement was evident the system studied 
these authors. 

Uterine phenol-stimulated oxidase has features common with the 
uterine peroxidase the rat described al. (15). The latter 
enzyme catalyzes the oxidation certain reduced dyes hydrogen per- 
oxide. almost absent the uterus spayed animals and shows 
increase upon the administration estrogen. Akazawa and Conn 
(16) have shown that horseradish peroxidase has DPNH oxidase activity 
the presence certain phenols. 

the oxidase has physiological significance, the cofactor 
tissues remains identified. Efforts isolate such factor have thus 
far been unsuccessful. Estradiol has been shown serve phenolic co- 
factor with lacto-peroxidase, horseradish peroxidase and phenolase (17). 
can shown serve cofactor for the oxidase under somewhat 
different conditions from those involving dichlorophenol (18). However, 
estradiol catalyzes the reaction less efficiently than does dichlorophenol and 
may not represent the cofactor uterine tissue. 
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ABSTRACT 

Metabolism cortisol-4-C™ has been studied normal and vitamin 
deficient guinea pigs. and its metabolites were found the adre- 
nal gland after the intravenous injection labeled cortisol. Compared nor- 
mal animals, guinea pigs that have been acid deficient diet for 
days showed more rapid loss the labeled material from the adrenal 
This rapid disappearance was unique for the adrenal gland and was not 
observed plasma, liver, kidney, spleen, and thymus vitamin deficient 
animals, This finding supports the idea that vitamin may effect 
exchange, and release cortisol the adrenal cortex. 


TEROIDOGENESIS the adrenal cortex has been associated with 

decrease the high ascorbie acid concentration this tissue (1, 2). 
Thus Sayers’ assay for ACTH was based upon the decrease adrenal as- 
corbic acid the hypophysectomized rat. the guinea pig the depression 
acid following ACTH administration was more prolonged than 
the rat (3), perhaps due the inability the guinea pig tosynthesize 
ascorbic acid. Some doubt has been placed upon the role acid 
the synthesis adrenal corticosteroids the finding high levels 
plasma 17-hydroxycorticosticosteroids (17-OHCS) guinea pigs with ad- 
vanced scurvy (4). Both the decrease adrenal acid during the 
augmented corticosteroidogenesis the guinea pig and the elevated 
plasma 17-OHCS the ascorbic acid depleted animal may explained 
the hypothesis that acid may act the synthesis 
release corticosteroids (5). 

previous studies (6) the adrenocortical function guinea pigs main- 
tained vitamin deficient diet has been investigated determin- 
ing 17-OHCS plasma and bile following the injection ACTH and 
bacterial polysaccharide, measuring the clearance from 
blood plasma. Prior the onset loss body weight, the acid 
concentration the adrenal gland these animals was markedly de- 
creased, but significant change was observed the clearance cortisol- 
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from the plasma. Such animals responded normally both ACTH 
and bacterial polysaccharide. 

The present study extends these investigations distribution 
different tissues normal and vitamin deficient animals following the in- 
travenous administration 


MATERIAL AND METHODS 


Seventy-two young growing guinea pigs either sex, weighing 150-250 were 
divided into three groups with animals per group. The control group was maintained 
diet Purina rabbit chow with daily supplements cabbage. The other two 
groups were fed the ascorbic acid deficient diet Rinehart and Mettier (7) for and 
days, respectively. The animals were weighed every second day and were still grow- 
ing the 12th day the diet. None the vitamin deficient animals were seriously 
the time the investigation. Histologic examination the costochondral and tibial 
epiphyses was used verify vitamin deficiency (6). 

Normal guinea pigs and those maintained vitamin deficient diet for days were 
given 0.045 =0.0116 gm. body weight intravenously 0.1 
ml. 0.85% sodium chloride. The animals fed the acid deficient diet for days 
received 0.180 =0.0464 gm. body weight 0.1 ml. 0.85% 
the injection labeled cortisol. 

The animals were killed with neck clamp technique (8). Blood was withdrawn 
puncture into heparinized syringe, and plasma separated centrifugation, 
diluted with equal volume 0.85% sodium chloride, and immediately extracted 
times with methylene dichloride (v:v), followed extractions with 
(viv). Acid hydrolysis 10% acid 80° was finally performed and the 
windowless flow counter all extracts. Counting efficiency proportional region was 
50%. Sufficient counts were accumulated afford standard error for most samples 
and for samples lowest content. 

Adrenal, kidney, liver, spleen, thymus were removed from all animals, frozen, and 
later processed the same way outlined for the blood plasma. The tissues were, how- 
ever, homogenized before being extracted. Each tissue was processed separately except 
for those from the day vitamin deficient group. this group each tissue was pooled 
time. 

RESULTS 
Plasma 

The total concentration the plasma fell rapidly during the first 
thirty minutes after the injection Following this rapid in- 
itial fall, the total activity recovered from plasma showed approximately 
the same decrease the vitamin deficient animals the control 
group (Fig.1, Table 1). The methylene dichloride extractable labeled ma- 
terial showed similar clearance all three groups (Fig. Table 1). The 
concentration the first butanol fraction remained fairly constant 
throughout the experiment all three groups (Fig. Table 1). All radio- 
activity the plasma was recovered methylene dichloride and first 
fraction normal guinea pigs and animals deficient diet for 
However, some was found the acid hydrolyzable fraction 
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animals which had been vitamin deficient diet for days (Fig. 
Table 1). 


Adrenal 


The amount recovered from the adrenals was relatively high and 


100.0 


10.0 


ADRENAL 


HOURS 
Total from liver, plasma, and adrenal following the intravenous adminis- 

tration into normal animals and animals vitamin deficient diet 

for and days. The amounts activity are expressed injected cortisol-4-C™ 

and plotted semilogarithmically against time after injection. 

average curve from normal animals. 

A------ average curve from animals days vitamin deficient diet. 

average curve from animals days vitamin deficient diet. 
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remained elevated despite the rapid disappearance from plasma, liver, kid- 
ney, and spleen (Fig. Table normal animals. contrast, the vita- 
min deficient groups showed adrenal clearance excess that 
other tissues. This increased disappearance was manifested both the 
methylene dichloride (Fig. Table and the first butanol fraction 
Table 1). extractable with butanol after acid hydrolysis did not vary 


10.0 


TOTAL INJECTED DOSE 


.007 


HOURS 


Total from kidney, spleen, and thymus following the intravenous adminis- 
tration into normal animals and animals vitamin deficient diet for 
and days. The amounts activity are expressed injectea and 
plotted semilogarithmically against time after injection. 


average curve from normal animals. 
A------ average curve from animals days vitamin deficient diet. 
average curve from animals days vitamin deficient diet. 
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significantly throughout the experiment, although the amount found was 


lower both vitamin deficient groups than control animals (Fig. 
Table 1). 


Liver, kidney, and spleen 

The total liver and kidney was higher than plasma, but the dis- 
appearance was similar. There was significant difference between the 
three groups studied (Fig. and Table 1). The concentrations obtained 
solvent fractionation spleen homogenates were, however, more vari- 
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HOURS 
Fig. Methylene dichloride extractable from plasma* and adrenal following the 
intravenous administration into normal animals and animals vita- 
min deficient diet for and days. The amounts activity are expressed 
injected and plotted against time after injection. 


average curve from normal animals. 
average curve from animals days vitamin deficient diet. 


The plasma values normal animals and animals days vitamin deficient 
have already been published (6). 
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able than those the other tissues studied. Nevertheless, throughout the 
period observation, from disappeared from the spleen 
fashion corresponding closely plasma, liver, and kidney (Fig. 


Table 1). 
Thymus 


Thymus was studied only the control group and the group days 
vitamin deficient diet. The total amount persisted about 
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Butanol extractable from plasma* and adrenal following the intravenous 
administration into normal animals and animals vitamin deficient 
diet for and days. The amounts activity are expressed injected cortisol- 
and plotted semilogarithmically against time after injection. 


average curve from normal animals. 
A------ average curve from animals days vitamin deficient diet. 
average curve from animals days vitamin deficient diet. 


The plasma values normal animals and days vitamin deficient 
diet have already been published (6). 
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the same concentration from the first the ninth hour after 
administration all groups animals. normal animals all activity was 


recovered methylene dichloride and butanol before acid hydrolysis 
(Fig. Table 1). 


DISCUSSION 

The present study indicated that cortisol and its metabolites may re- 
through the adrenal gland. During the first four hours following the 
injection the adrenal the normal animal possessed the 
highest concentration all tissues studied, and unlike the concen- 


tration liver, kidney, and spleen, the the adrenal did not parallel 
the plasma values. contrast this relative retention cortisol and its 


10.0 


PLASMA 
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BUTANOL EXTRACTABLE ACID HYDROLYSIS, INJECTED CORTISOL-4-C 
a 
/ 
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Butanol extractable after acid hydrolysis plasma and adrenal following 
the intravenous administration into normal animals and animals 
vitamin deficient diet for and days. The amounts activity are expressed 
injected and plotted semilogarithmically against time after injection. 


average curve from normal animals. 
A------ average curve from animals days vitamin deficient diet. 
average curve from animals days vitamin deficient diet. 


‘ 
En 
| 
8 
Ss 
-2. ae 
- 
‘ 


January, 1960 ASCORBIC ACID AND 


metabolites the adrenal the normal animal, guinea pigs with mild 
moderate ascorbic acid deficiency showed disappearance from the 
adrenal that was faster than from the other tissues. The vitamin de- 
ficient animals, however, exhibited clearance from the liver, kidney, 
spleen, and plasma like normal guinea pigs. This unique effect ascorbic 
acid deficiency upon the adrenal could support the concept that the high 
concentration acid found normal adrenals may inhibit the 
synthesis release adrenal steroids. 

the other hand may exchange with cortisol the adre- 
nal gland, with exogenous and endogenous cortisol and, perhaps, precursors 
forming common metabolic pool. The rapid fall from the adrenals 
vitamin deficient animals seen 4—6 hours after the administration cor- 
tisol could, therefore, indicate that less cortisol being produced the 
vitamin deficient animals that time than the control group. This, 
however, not very likely, since the ACTH response vitamin deficient 
animals would not indicate reduction adrenocortical capacity (6). The 
doses cortisol injected normal vitamin deficient animals were 
probably too low gm., gm.) produce the 
classic inhibition adrenal function (9). Thus, highly unlikely that the 
amount cortisol given would inhibit the synthesis adrenal steroids 
hours after its administration. 

The concentration all tissues investigated equaled exceeded 
that the plasma (Table and hence could not reflect the blood content 
the tissues. Thus, the amount from the adrenal 
and the other tissues any one time probably reflects the balance en- 
trance, exit, and metabolism both exogenous and endogenous cortisol 
and its metabolites, and the adrenal gland the synthesis endogenous 
cortisol well. 

Few data are available regarding metabolites cortisol plasma and 
tissues the guinea pig. has been reported (10, 11, 12) that little 
17-OHCS are conjugated glucuronides but other types conjugation 
have not been excluded. Non-conjugated polar 17-OHCS 
found guinea pig urine (13, 14, 15). The low concentration from 
the extracts tissues and plasma did not permit conclu- 
sive identification the labeled material the present study. However, 
besides cortisol, three major labeled steroids were found, one less polar and 
two more polar than cortisol, corresponding chromatographically corti- 
sone, OH-cortisol, and OH-cortisol, respectively (16). These metab- 
olites have already been isolated from guinea pig urine (11, 13, 14, 15). 
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THE CATABOLISM ADRENOCORTICOTROPIC 
HORMONE: THE STABILITY ADRENOCOR- 
TICOTROPIC HORMONE BLOOD, PLASMA, 

SERUM, AND SALINE! 
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ABSTRACT 

Provisional USP Corticotropin (porcine ACTH) inactivated dog blood, 
plasma, and serum 37° This ACTH stable 0.9% sodium 
chloride over temperature range 20-37° and range for 
least 5-6 hours. also generally stable 0.9% sodium chloride for 
least one hour 100° 1-2 but some experiments suggested 
slight reduction activity under these conditions. Endogenous ACTH 
tivity human plasma destroyed 37° but appears stable for 
least months the frozen state. 


fate secreted ACTH has not been well defined. number 

observations strongly point prompt inactivation excretion 
ACTH activity. First, man and animals, given amount ACTH, 
administered continuously over period time, produces greater bio- 
logical effect than the same amount ACTH administered single 
intermittent doses Second, the duration ACTH activity the 
blood compartment animals has generally been very short for endoge- 
nous ACTH (5, exogenous species-specific ACTH and exogenous 
heterologous ACTH Two observations man have shown that 
exogenous heterologous ACTH activity quickly disappears from the blood 
(12, 13). 

least three possible modes ACTH degradation exist. First, ACTH 
may degraded the process exerting its other tissues, 
notably acid depletion and steroidogenesis the adrenal cortex. 
our knowledge, this possibility has never been shown. Second, may 
excreted from the body sweat, stool, urine. Evidence for these 
routes removal exists only for urine and date has been equivocal. 
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Some investigators have not found ACTH activity the urine animals 
(8) and man (12, 14), but few positive reports have appeared (15, 16). 
The basis these conflicting reports may that filtered secreted 
ACTH inactivated urine during its passage from the tubule the 
kidney the exterior since, the not sufficiently low, rat urine will 
rapidly inactivate rat ACTH (8). Third, ACTH may bound and inac- 
tivated tissues general some particular. has been shown 
that rat ACTH bound rat tissues, notably kidney and adrenal (8). 
Similar results have been observed other investigators who injected 
ACTH into the rat (17, 18). Other investigations (19, 20) 
have shown that ACTH was inactivated when incubated vitro with 
liver, kidney slices, diaphragm, and homogenates liver, kidney, and 
adrenal. Since some inactivating capacity these tissues remained after 
boiling was concluded that the mechanism inactivation was primarily 
one binding absorption. That commercial ACTH can inactivated 
plasma (21, 22) blood (22, 23) has been reported, but such process 
has not been found others (6, for rat ACTH rat plasma and for 
sheep ACTH rat plasma (19). Evidence has also been presented that 
human plasma slight extent alone, but more marked extent 
activated with streptokinase, will degrade corticotropin into trichloro- 
acetic acid soluble peptides (24). Since the evidence for the last possibility 
(i.e., tissue inactivation) appeared controversial, particularly 
with respect the inactivation ACTH blood, seemed important 
re-examine the problem with somewhat different approach. 


GENERAL MATERIALS AND METHODS 


Unless otherwise indicated, the ACTH used this investigation was the USP Pro- 
visional Corticotropin Standard (porcine). Fresh blood, plasma, serum was obtained 
from various donor dogs anesthetized with sodium pentobarbital given intravenously. 
Hydrogen ion concentrations solutions were determined the Beckman meter, 
Model 

ACTH activity was assayed the hypophysectomized dog preparation Nelson 
and Hume (25). this assay the standard unknown material injected into the 
femoral vein over period two minutes. After interval one minute adrenal 
venous blood collected for the subsequent minutes. The logarithm the injected 
dose ACTH (between and milliunits) bears linear relationship the total 
minute output 17-hydroxycorticosteroids (17-OHCS) the adrenal venous effluent 
measured the method Nelson and Samuels (25, 26). Since adrenal response could 
determined every 35-40 minutes, changes the ACTH activity incubated 
solution could followed throughout day using single assay animal. 


SPECIFIC METHODS AND RESULTS 
The vivo binding inactivation ACTH different tissues the dog 


first step studying the fate circulating ACTH, several experi- 
ments were done determine whether any tissue the dog would pref- 
erentially remove ACTH from the blood stream. 
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The hypophysectomized dog preparation for ACTH assay (25) with 
cannulae one femoral vein, and one adrenal vein, was used. means 
polyethylene cannulae the splenic vein, femoral artery, renal artery, 
and the adrenal artery (contralateral the adrenal gland with the ve- 
nous cannula) was possible inject standard amounts ACTH through 
liver, rear leg, kidney, and adrenal, and compare the steroidogenic ef- 
fect adrenal venous effluent) with standard ACTH injected into the 
femoral vein (which would bypass any tissue except lung the first 
lation). 

given dog preparation the average steroidogenic response after 
femoral vein injection ACTH was taken 100% and the average re- 
sponse following injection through tissue was expressed per cent 
ihe average femoral vein response. series six dogs, the following 
results were obtained (mean one standard deviation): 


Kidney 85% +26 =12) 
Adrenal Gland =12) 


Thus, preferential binding ACTH any the tissues studied was 
demonstrable these experiments. 


ACTH inactivation heparinized dog blood 37° 


the following experiments, ACTH (as solution mv. (milliunits) 
per ml. 0.9% NaCl made 0.01N with respect HCl) was added 
heparinized dog blood give final mixture concentration 0.25, 0.5 
1.0 ACTH per ml. The resulting mixtures had 7.5 
(in room air). 

Immediately after mixing the ACTH and blood (zero time) amount 
the mixture calculated contain added ACTH was assayed. 
The remainder the mixture was placed 37° water bath and re- 
assayed intervals alternating with ACTH standard (made 
concentrations 2.5, 5.0 mv. per ml. 0.9% NaCl made 0.01N 
HCl). one experiment 2.5 doses ACTH instead mu. were 
assayed. The timing individual response was that the start the 
injection standard blood mixture after the mixing (zero time) blood 
and ACTH. The standard ACTH solution was kept room 
temperature (subsequent data will show that there was difference dur- 
ing day such ACTH standards whether stored 37° nor 
7.5). Control (nothing injected) blood collections were made 
the beginning and the end experimental day. The response stand- 
ird dose ACTH was also determined prior the timed incubation 

Five such experiments were done. The detailed data typical experi- 
are presented Figure This experiment demonstrates that while 
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the responsivity the preparation constant dose ACTH standard 
had declined only slightly after three hours, the ACTH activity the 
blood mixture had reached non-detectable (i.e., control) level very 
quickly. 

Table all five experiments are recorded. For any individual experi- 
ment can seen that the responsivity the dog constant ACTH 
dose generally declined moderately through the experimental day, though 
experiment the dog appeared become more responsive. the 


CONTROL PRIOR INCUBATION. 


160 240 320 
TIME INCUBATION (MINUTES) 
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Inactivation porcine ACTH heparinized dog blood vitro 37° 
Standard ACTH and ACTH incubated dog blood were injected alternately into the 
same assay animal for estimation remaining ACTH activity. 


other hand, apparent all five experiments that the adrenal response 
the ACTH-blood mixture declined much more rapid rates, reaching 
control levels three hours less. 

The results each experiment are summarized the bottom Table 
where the percentage fall column calculated terms the original 
and final figure the column. each experiment the fall the ACTH 
activity (steroidogenic) the ACTH-blood mixture was always much 
greater than that the standard. 

While there are some small variations these results, they strongly sug- 
gest that dog blood 37° capable inactivating added Provisional 
USP Corticotropin Standard (porcine). 


ACTH inactivation dog plasma serum 37° 


The following experiments were carried out the same manner ex- 
periments described above. Pertinent differences are pointed out. The 
data are presented Table 
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(a) Since blood appeared inactivate ACTH, heparinized plasma was 
examined two experiments see were the site this process. The 
results are recorded Table experiments and #7. Experiment 
also recorded Figure experiment #6, while the responsivity the 
dog standard ACTH tended increase, there was fall the ACTH 
activity the ACTH-plasma mixture control values within four hours. 
experiment #7, the rate decline ACTH activity the plasma- 
ACTH mixture was slower. 


Assay animal 


Incubation Milliunits ACTH standard ACTH-blood mixture injected 
17-OHCS response adrenal venous blood, min. 
126 179 131 
137 105 
114 
213 
224 173 
fall from 


Control (nothing injected). 
Standard ACTH injected. 


(b) rule out ACTH inactivating contaminant peculiar the 
Provisional USP Corticotropin Standard, two experiments were carried 
out incubating porcine ACTH preparations from different sources with 
heparinized plasma. experiment #8, corticotropin injection (porcine 
ACTH) prepared the Upjohn Company (Lot was used. 
experiment #9, purified ACTH preparation assaying USP units 
per mg. was kindly supplied Dr. Astwood. The latter ACTH 
was diluted 0.9% NaCl, made 0.01N HCl, and containing 200 mg. 
cent gelatin. 

experiment #8, prior the timed incubation period, there was 
esponse the injections either the ACTH solvent fresh dog plasma 
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and respectively, omitted from Table 2). experiment #9, there was 
rather high basal output 17-hydroxycorticosteroids the adrenal 
venous effluent (36 17-OHCS/10 minutes) which reflected the 
apparent response ACTH solvent (55 17-OHCS/10 minutes, omitted 
from Table 2), and the rather high response the standard ACTH in- 
jection (210 minutes). These figures probably mean that 
remnant anterior pituitary, not removed, remained viable during this 
period. The low response plain plasma 17-OHCS/10 minutes, 
omitted from Table 2), just before the incubation period, indicated that 
the endogenous ACTH production the preparation had fallen negli- 


TABLE ACTH PLASMA AND SERUM 


Assay animal 
Incubation Milliunits of ACTH standard or ACTH-plasma (or serum) mixture injected 
minutes 2.9 5 ‘ 
2.5 5 ml. std. 5 ml. | 6ml. 5 10 ml. | 2-5 | 5 10 ml. 
17-OHCS response in adrenal venous blood, ug./ 10 min. 
40- 45 | 109 91 244 132 | 34 65 
75- 80 | 133 88 368 173 54 | 83 
150-155 | 29 42 | 255 165 5 82 
185-195 | 181 120 | 27 14 31 10 
232 | 64 
259-263 182 109 | 
“ fall from | | | | | 


* Control (nothing injected). 


gible levels prior the beginning the incubation. both experiments 
and #9, again apparent that there decline the ACTH activity 
the incubation mixture reaching control levels 3-4 hours. 

(c) Some evidence has suggested (27) that heparin may physiolog- 
ical inhibitor ACTH but others (21, 28) have failed substantiate 
these observations. rule out the effect heparin, experiment #10 was 
out with oxalated plasma and Provisional USP Corticotropin 
Standard, and again the ACTH activity the incubation mixture declined 
control levels hours seen Table plain plasma control 
injection (omitted from Table 2), just before the incubation period, gave 
response 17-OHCS/10 minutes. 

(d) Experiment #11 was similar experiment except that the ACTH 
was incubated with fresh serum (instead heparinized plasma) from 
another dog. The standard ACTH (in concentration mv. per ml. 
0.9% NaCl, made 0.01N HCl, and containing 200 mg. per cent 
gelatin) was also incubated 37° along with the ACTH-serum mixture. 
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apparent that serum able inactivate highly purified hog ACTH. 
Injections ACTH solvent (0.01N HCl 0.9% NaCl containing 200 mg. 
per cent gelatin) and plain serum prior the incubation period gave re- 
sponses and 17-OHCS/10 minutes respectively, but are omitted 
from Table for simplicity. 

The results each experiment are summarized the bottom Table 
where the percentage fall column terms the original 
and final figure the column. each experiment the fall the ACTH 
activity (steroidogenic) the ACTH-plasma serum mixture was al- 
ways greater than that the standard ACTH solution. 


o CONTROL PRIOR TO INCUBATION 
o—e 2.5 MILLIUNITS, ACTH STANDARD 
*—*x 25 MILLIUNITS ACTH IN 5ML 

DOG PLASMA AT 37°C 


PER MIN 
ADRENAL BLOOD 


RESPONSE ACTH ACTH-PLASMA MIXTURE: 


160 240 320 
TIME INCUBATION (MINUTES) 
Inactivation poreine ACTH heparinized dog plasma 37° Standard 
ACTH and ACTH incubated dog plasma were injected alternately into the same 
animal for estimation remaining ACTH activity. 


The inactivation endogenous ACTH human plasma 

(a) determine whether there was significant degree inactivation 
endogenous ACTH the plasma humans, advantage was taken 
patient, C.R. (PBBH 9G418) reported elsewhere (29), who had tumor 
the pituitary gland which was secreting large amounts ACTH. 
Heparinized plasma was freshly drawn. ml. aliquot was assayed the 
hypophysectomized dog and the remainder was incubated 37° Two 
ml. aliquots were reassayed intervals. Provisional USP Corticotropin 
Standard (freshly dissolved 0.9% NaCl, made 0.01N and stored 
room temperature during the experiment) was injected intervals, 
dose levels and The results this study are presented 
can readily seen that while the responsivity the dog 
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CONTROL PRIOR INCUBATION 
ACTH SOLVENT CONTROL 

ACTH STANDARD 


RESPONSE ACTH HUMAN PLASMA: 
PER MIN. 
ADRENAL BLOOD 


160 240 320 400 
TIME INCUBATION (MINUTES) 


Inactivation endogenous ACTH human plasma. Standard ACTH (at 
two dose levels) and human plasma, incubated vitro 37° were injected alter- 
nately into the same assay animal for estimation remaining ACTH activity. 


and mv. standard ACTH remained constant during the experiment, the 
ACTH activity the patient’s plasma steadily declined reaching unde- 
tectable levels seven hours with approximate half-life 190 minutes. 

(b) hopes corroborating the above observations, portions 
heparinized plasma specimens from the same patient (C.R.) obtained 
and months earlier different days were assayed for ACTH activity. 
The remaining portions were incubated 37° and reassayed after 
225 minutes. the first specimen (Table 3), apparent that even after 
apparent stability for months the frozen state there was inactivation 
ACTH demonstrable after incubation 37° for 225 minutes. the 
next two specimens from C.R., after months the frozen state, there 
was demonstrable inactivation ACTH when incubated 37° for 
minutes. 


TABLE INACTIVATION ENDOGENOUS ACTH HEPARINIZED HUMAN PLASMA 


Plasma ACTH activity, 


Plasma plasma milliunits/100 ml. (min.) 


incubation incubation 

C.R. mos. 216* 294* 

409 mos. 393* 342* 156 

100 min. 184 


Difference not considered significant 
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second patient (T.M., PBBH who clinical and chemical 
was felt have the same pathological process C.R., pre- 
sented another opportunity study the inactivation endogenous ACTH 
human plasma. both experiments fresh samples plasma were as- 
sayed before and after incubation 37° for 184 and 219 minutes. 
experiments (4th and 5th lines Table there appeared 
significant decline ACTH activity. 

The first specimen plasma from C.R., assaying per 100 
Table had previously been assayed months earlier and had been 
ound have ACTH activity mv. per 100 ml. plasma. Similarly, 
third specimen C.R., Table assaying 393 mv. per 100 ml., had 
nonths earlier been found have ACTH activity 409 mv. per 100 
al. plasma. 

appears that human plasma inactivate human ACTH 37° 
vitro, though this capacity may decline storage the cold. also 
interest that significant decline ACTH activity frozen plasma 
over 5-63 months. 


Inactivation heated ACTH plasma 


has been reported that rat plasma does not inactivate rat ACTH 
the ACTH 7.5 for 2-3 hours during its extraction 
this study, demonstrating ACTH inactivation blood, plasma, 
serum, Provisional USP Corticotropin was used. This ACTH preparation 
relatively impure and could possibly have contained peptidases and 
proteases which have been shown occur crude anterior pituitary prep- 
arations (31), and which could possibly cause inactivation when ACTH 
added vitro systems (19). Therefore, the following experiments were 
done. 

(a) two experiments Provisional USP Corticotropin was made 
mv. per ml. 0.9% NaCl made 0.1N ali- 
quot was diluted with 0.9% NaCl concentration per ml. 
2.0 and kept room temperature unheated ACTH standard. The 
remainder was heated 100° water bath for one hour. aliquot 
the heated ACTH was similarly diluted with NaCl concen- 
heated ACTH standard. second aliquot the heated ACTH was added 
fresh heparinized dog plasma final concentration 0.5 per ml. 
ind, together with the two standard ACTH solutions, was incubated 

Using the hypophysectomized dog preparation the responses aliquots 
the plasma-heated ACTH mixture, and aliquots the heated and 
ACTH standard solutions (all estimated contain the same 

nount original ACTH activity) were determined intervals. 
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Figure shows the results one experiment. response was observed 
when nothing, ACTH diluent, fresh heparinized dog plasma was in- 
jected. There was significant difference the response heated un- 
heated ACTH standard solutions. While the responses the standard 
heated ACTH did not fall significantly below the initial response during 
the experiment, apparent that the dog plasma inactivated the added 
the ACTH standard solutions was and that the ACTH-plasma mixture 
was 7.7 throughout the experiment. 


CONTROL RESPONSES NOTHING, 
ACTH DILUENT AND PLAIN PLASMA. 


UNHEATED ACTH, MILLIUNITS. 
HEATED ACTH, MILLIUNITS 
PLASMA-ACTH MIXTURE 


nN 


ADRENAL BLOOD 


RESPONSE ACTH ACTH-PLASMA MIXTURE 
MIN. 


160 240 320 
TIME INCUBATION (MINUTES) 


Inactivation porcine ACTH (heated 100° for hour 0.9% NaCl- 
0.1N HCl) dog plasma. Responses are shown terms 
per minutes the adrenal venous blood the same hypophysectomized dog the 
sequential intravenous injection control solutions, ACTH standards, 
ACTH mixtures for the estimation remaining ACTH activity. 


second identical experiment confirmed this result which ACTH 
activity the plasma-heated ACTH mixture became non-detectable even 
more quickly 196 minutes. 

(b) Two further experiments were done which were essentially the 
the above except that the ACTH was heated 100° 0.01N 
hour prior addition plasma. both these experiments inactiva- 
tion the heated ACTH ACTH activity the heated ACTH- 
plasma mixtures non-detectable 232 and 233 minutes. 


The Stability ACTH and 37° 


early experiments standard solutions were kept room tem 
perature and later experiments they were incubated 37° along 
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the plasma-ACTH mixtures under study. Two experiments were done 
determine whether there was difference the stability standard 
ACTH solutions when incubated over the temperature range 

One experiment was performed which Provisional USP Corticotropin 
was dissolved concentration mv. per ml. 0.9% NaCl (adjusted 
with HCl). portion was first heated 100° for hour. Then 
heated and unheated ACTH solutions were diluted with 0.9% NaCl give 


MILLIUNITS UNHEATED ACTH 
20°C 
MILLIUNITS UNHEATED AGTH 
37°C 
160 20°C 
MILLIUNITS HEATED ACTH 
140 37°C 


ADRENAL BLOOD 


17-HYDROXYCORTICOSTEROIDS MIN 


° 80 160 240 320 400 
TIME OF INCUBATION (MINUTES) 


Equal portions heated and unheated ACTH (in 0.9% NaCl and 
20° and 37° were alternately injected intravenously into the 
dog determine differences remaining ACTH activity during period hours. 


20° and another 37° portion was alternatively assayed over 
period six hours. The results are presented Figure Control injec- 
tions ACTH diluent produced 17-OHCS response this dog. The 
responsivity the dog preparation declined slowly but equally both 
ACTH solutions, although the ACTH, which had been heated 100° 
gave consistently lower responses suggesting some destruction 100°C and 
The difference sufficiently small have been dilution error. 

second experiment was identical except that the ACTH was not heated 
100° prior the period. Over period five hours 
difference potency was observed between the solutions 20° and 37° 
Therefore, was concluded that this ACTH 0.9% NaCl and 
was equally stable temperatures 20° for least 
period 5-6 hours. 


The stability ACTH different hydrogen ion concentrations 


all experiments reported this study, unless otherwise noted, the 
the ACTH standard solutions was 2.0 and that the plasma-ACTH 
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mixtures was was desirable determine how much the differ- 
ence contributed the apparent stability the standard solutions (20- 
37° compared with the progressive inactivation the plasma- 
ACTH mixtures (37° C). 

one experiment Provisional USP Corticotropin Standard was dis- 
solved concentration mv. per ml. 0.9% NaCl, adjusted 
with and heated 100° for hour. was then diluted with 0.9% 
latter was adjusted 7.8 with sodium hydroxide. Both diluted 


CONTROL RESPONSE NOTHING 
AND ACTH DILUENT 


ADRENAL BLOOD 


160 240 
TIME INCUBATION (MINUTES) 


MIN. 


nately injected into the hypophysectomized dog determine differences ACTH 
activity during period hours. 


standard solutions were incubated 37° and the activity alternately 
determined the dog preparation. The results are presented Figure 
The absolute activity the standard 7.8 (this had fallen 
7.0 after hours) was initially about per cent lower than the standard 
2.0. During the subsequent hour experimental period, there was 
evidence that the activity the ACTH solution value 
declined more rapidly than that 2.0. 

second experiment was carried out Section (a) which heated 
ACTH was added plasma give final 7.3. The standard ACTH 
was adjusted with sodium hydroxide similar (7.6). The observed 
responses subsequent injections the ACTH standard solution de- 
clined during the day indicating either inactivation decreasing sensitivity 
the dog. The activity the plasma-ACTH mixture the other hand 
declined much more rapidly. These two experiments indicate that 37° 
there difference the rate decline activity ACTH 0.9% 
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NaCl over the range hours, and that the the plasma- 
ACTH mixtures was not primarily responsible for the inactivation 
ACTH observed this system. 


DISCUSSION 


The experiments demonstrate the inactivation porcine ACTH dog 
plasma, and serum. The significance this observation has been 
given support the demonstration endogenous ACTH inactivation 
human plasma vitro. These observations are agreement with the ob- 
servations others (21, 22, 24), but not with those Sayers and co- 
workers (6, nor and (19). and (19) may not 
have observed inactivation since ACTH was added plasma very large 
amounts giving concentrations the order unit/ml. Sydnor and 
Sayers (6) incubated the plasma-ACTH system for only minute and 
hence inactivating system might not apparent. However, the reason 
why Richards and Sayers (8) did not observe inactivation when rat ACTH 
was added rat blood concentration per ml. 37° for 
hour not apparent. Other reasons for these discrepancies are not im- 
mediately apparent but possibilities will discussed when the mechanism 
inactivation considered another paper 

The importance this inactivating system the blood the regulation 
ACTH blood levels remains determined. However, view the 
above observations may pointed out that experiments demonstrating 
disappearance ACTH activity from the vascular compartment not 
necessarily indicate excretion nor binding ACTH tissue but may mean 
inactivation blood itself. 

the basis these observations would appear that the collection 
human blood, plasma, serum specimens for the assay ACTH ac- 
tivity, care should taken cool and freeze the specimen quickly 
possible. 
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THE CATABOLISM ADRENOCORTICOTROPIC 
HORMONE: SOME CHARACTERISTICS 
ACTH-INACTIVATING SYSTEM PLASMA! 


WILLIAM MEAKIN? DON NELSON® 


Departments Medicine, Harvard Medical School, and the 
Peter Bent Brigham Hospital, Boston Massachusetts 


ABSTRACT 


has been previously shown that ACTH inactivated vitro 
canine blood, plasma, and serum, and that human plasma will inactivate endog- 
enous ACTH. 


the present report has been demonstrated that this ACTH inactivating 
system(s) destroyed heating 60° for one hour, that the rate in- 
activation temperature dependent, and that L-cysteine inhibits the process. 
These findings suggest that the ACTH inactivating system plasma may 
oxidation the molecule biologically inactive form. 


inactivation porcine ACTH canine blood, plasma, and 
serum, vitro 37° and similar inactivation endogenous 
ACTH human plasma (1) prompted inquiry into the nature the in- 
activating system. The relationship the biological activity ACTH 
various chemical and enzymatic alterations the structure the molecule 
has been recently reviewed Behrens and Bromer (2). has been shown 
that hydrolysis, oxidation various oxidizing agents, exposure 
strong alkali, iodination, and other chemical treatments alter structure 
and function varying degrees. 
the following account, heat lability, the relation temperature rate 
reaction, and the effect L-cysteine the ACTH inactivating system 
plasma, were examined. 


GENERAL MATERIALS AND METHODS 


the first two groups experiments, USP Provisional Corticotropin Standard was 
used and the third group experiments dealing with effects, more 
purified ACTH assaying units per mg. was Fresh plasma was obtained 
from various donor dogs anesthetized with intravenously administered sodium pento- 


Hydrogen ion concentrations were determined the Beckman meter, 
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The activity ACTH added canine plasma under the conditions the three 
groups experiments was followed throughout experimental day assaying aliquot 
the incubation medium one hypophysectomized dog preparation described 
Nelson and Hume (3). this assay the standard unknown material injected into 
the femoral vein over period two minutes. After interval one minute, adrenal 
venous blood collected for the subsequent minutes. The logarithm the injected 
dose ACTH (between and bears linear relationship the total minute 
output 17-hydroxycorticosteroids (17-OHCS) the adrenal venous effluent meas- 
ured the method Nelson and Samuels (4, 3). this procedure could 
peated every 35-40 minutes, changes the ACTH activity incubated solution 
could followed throughout day using one assay animal. 


SPECIFIC METHODS AND RESULTS 
Thermolability the ACTH inactivating factor dog plasma 


This was studied adding ACTH (as solution 0.9% 
NaCl 0.1N HCl, heated previously 100° for one hour) dog plasma 
which had been heated 60° for one hour. The final concentration 
ACTH activity the plasma medium was 0.5 mv. per ml. ACTH stand- 
ard was also prepared from the same heated ACTH diluting with 0.9% 
NaCl give solution mv. per ml. and Both standard and 
ACTH-plasma mixture were then incubated 37° and the ACTH ac- 
tivity determined. The the plasma-ACTH mixture remained con- 
stant through the experiments for different experiments). 

The results this experiment are presented Figure and experi- 
ment Table from which may seen that significant inactiva- 
tion the ACTH (added the heated plasma) occurred, indicating heat 


IO ML. HEATED PLASMA PRIOR TO 
INCUBATION 

# SML. ACTH DILUENT CONTROLS 

@ SMILLIUNITS, ACTH STANDARD 
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TIME INCUBATION (MINUTES) 
Fic. inactivation porcine ACTH heparinized, heated (60° for hour) 


dog plasma which with standard ACTH was alternately injected into the same assay 
animal for estimation remaining ACTH activity. 


1960 CATABOLISM ACTH 
TABLE THERMOLABILITY THE ACTH INACTIVATING FACTOR DOG PLASMA 
Assay animal 
Milliunits ACTH standard ACTH-plasma mixture injected 
plasma plasma plasma plasma 
17-OHCS response adrenal blood, minutes 
incubation 124 141 187 
114 157 116 
119-122 159 179 
152-161 124 115 
144 151 
201 
264-273 180 
140 100 
fall from 


Control (nothing injected). 


liability the inactivating system. this experiment control injections 
ACTH diluent, and simple heated plasma produced 17-OHCS responses 
and minutes respectively prior the period incubation. 
Table gave essentially the same results experi- 
ment #1. 

experiment #3, control injection plain heated plasma produced 
17-OHCS response minutes prior the incubation period. 
this experiment the 17-OHCS responses plasma-ACTH injections 
were consistently lower than responses standard ACTH, but there was 
not significant decline response the ACTH plasma during 
tion. 

experiment #4, control injections ACTH diluent and plain heated 
plasma produced 17-OHCS responses and minutes respective- 
ly. this experiment the responsivity the assay animal declined during 
the experimental day, but there was greater decrease response 
heated plasma-ACTH mixture than standard ACTH. experiment 
the responses the heated plasma-ACTH mixture were always lower 
than the standard. 

These experiments demonstrate that canine plasma heated 60° for 
one hour loses its ability inactivate porcine ACTH 37° previously 
described (1). The lower but constant (relative standard ACTH) 17- 
OHCS responses the heated plasma-ACTH mixtures experiments 
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and are not readily explicable except the basis dilution error 
immediate physical binding ACTH the heated (partially denatured) 
plasma protein. 


The effect temperature the rate inactivation ACTH plasma 


one experiment ACTH was added canine plasma. Half this mix- 
ture was incubated and half 37° Standard ACTH was made 
0.9% sodium chloride made 0.01N HCl concentration 
mv. per ml. and was kept 20° The results are presented Figure 
from which may seen that the activity the mixture 37° de- 
clined rapidly whereas that did not differ from that 
the standard ACTH. 


Three experiments were done which porcine ACTH was added (to 
give final concentration 0.5 mv. per ml.) two portions fresh dog 
plasma and incubated 37° One the portions plasma also con- 
tained (w/v) L-cysteine. Aliquots each portion plasma mixture, 
along with standard ACTH solutions, were alternately for ACTH 
activity. The results are recorded Table 

There were significant changes the the plasma mixtures (7.2- 
8.0) during incubations all three experiments. L-Cysteine plus plain 


plasma, and ACTH diluent NaCl made 0.01N and 200 mg. 


per cent gelatin) gave 17-OHCS responses less than control (nothing in- 


ACTH DILUENT AND PLASMA CONTROLS 
PRIOR INCUBATION 


MILLIUNITS, ACTH STANDARD 


DOG PLASMA 


80 DOG PLASMA AT 37°C 


PER MIN 
ADRENAL BLOOD 


RESPONSE ACTH ACTH-PLASMA MIXTURE 


ie) 40 80 120 160 200 240 
TIME INCUBATION (MINUTES) 


and ACTH incubated dog blood 37° were injected alternately into the 
same assay animal for estimation remaining ACTH activity. 
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TABLE THE EFFECT L-CYSTEINE THE INACTIVATION ACTH PLASMA 


Assay animal 


Milliunits ACTH standard, ACTH-plasma, ACTH-plasma- 
L-cysteine mixtures injected 


237-239 102 


165 
fall from 


Control (nothing injected). 


jected) collections recorded Table and hence had ACTH activity. 
did not affect the activity standard ACTH solutions one 
experiment (#3). 

The initial and final assays for each mixture each experiment are pre- 
sented Table each instance can readily seen that the steroido- 
activity the plus declined more rapidly than did 
the “ACTH plus plasma plus The apparent decline ACTH 
activity the cysteine containing system experiment was not real 
was due decline the responsivity the dog preparation during 
the experimental day apparent the decline response standard 
ACTH. Therefore, cysteine retarded prevented the vitro inactivation 
hog ACTH dog plasma. 

This observation has been confirmed experiment which heparin- 
ized blood was withdrawn from adrenalectomized patient, T.M. 
(PBBH hours after the last steroid administration ensure 
high levels ACTH. one two portions the blood 
was added concentration gms. per 100 ml. Plasma from 
each portion was immediately chilled ice. Ten ml. each portion was 
for ACTH content and the remainder incubated 37° for 215- 
minutes and then ml. each was reassayed the same dog prepa- 
ra‘ion. The plasma without L-cysteine gave initial response 109 ug. 
17-OHCS/10 minutes, and after 220 minutes 37° 17-OHCS/10 
minutes. the other hand, the plasma containing L-cysteine gave ini- 
response ug./10 minutes, and after 215 minutes 37° ug. 


~ 


17-OHCS response adrenal blood, minutes 
| 
1 | | 
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17-OHCS minutes. Therefore, L-cysteine also prevented the inactivatic 
endogenous ACTH human plasma. 


DISCUSSION 


The thermolability the ACTH inactivating system and the temper: 
ture dependence the rate inactivation suggest that this activity 
enzymatic process. The observation heat lability agrees with th: 
Pincus and co-workers (5) who destroyed ACTH inactivating 
rat, human, and bovine blood heating 50° for minutes. 

Whether enzymatic not the inhibition the inactivation 
cysteine suggests that the process may similar the thiol reversible 
activation ACTH oxidation with hydrogen peroxide ferricyanide 
reported Dedman, Farmer, and Morris (6). Since there are 
tectable disulfide nor sulfhydryl groups any known type ACTH, the 
mechanism thiol reversible oxidative inactivation ACTH has date 
remained enigma (2). Kuehl (7) and co-workers showed that the 
potency corticotropin fraction could reduced from 100 units/mg. 
units, mg. bubbling air through the solution overnight 
7.0 the presence ferric ions. view the fact that heating the 
plasma prior the addition ACTH prevented inactivation and the 
relatively short periods incubation (4—6 hours) makes unlikely that 
the previous (1) and present report oxidation ACTH dissolved oxy- 
gen could have accounted for much the inactivation. 

ACTH inactivation could have been effected cleavage 
the molecule proteolytic enzyme peptidase serum with 
cysteine sensitive redox center but this not proven. White and Gross 
showed that bovine fibrinolysin would split corticotropin 
two positions rendering physiologically inactive (by acid 
depletion). They also cite observation Pincus that the heat labile 
ACTH inactivating factor which had previously reported (5) could 
traced plasma fraction III. Such observations have recently been 
strengthened the report Mirsky and colleagues (9) which they 
point out that human plasma, activated streptokinase, will 
ACTH manner similar streptokinase activated plasminogen 
plasmin (fibrinolysin) alone. They did not report physiological activity 
changes incubated media. They found that plasma alone, without added 
streptokinase, degraded less than the protein the ACTH 
ration 37° two hours. Therefore, unlikely that the inactivation 
presently reported the same nature. Fekete (10, 11) has 
some evidence that protamine vitro can complex with ACTH and 
activate its ascorbic acid depleting action. That such mechanism 
complexing ACTH with another protein moiety the blood 
physiological activity) involved the inactivation ACTH plasn 
remains possibility. 
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ISOLATION AND IDENTIFICATION BILE 
ESTROGENS PREGNANT WOMEN 


anp ENGSTROM 


The Hormone Laboratory the Department Women’s Diseases 
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ABSTRACT 
parently healthy pregnant women full-term, estriol and estrone have been 
lated and identified. 
The bulk estriol was found predominantly form. 
Presumptive evidence has been obtained, which seems indicate that 16- 
and are also present such 


LTHOUGH estrone has been isolated from the bile pregnant cows 
(1), attempts isolate steroid estrogens from the bile pregnant 
women have been unsuccessful far. Thus Pearlman Rakoff (2) did not 
succeed isolating estrogens from more than liters bile collected 
from women the last trimester pregnancy, although extracts such 
bile exhibited strong estrogenic activity. Since partition studies some 
degree estrogenic activity was also found the strongly phenol 
iraction, these workers suggested that estriol might present such ex- 
tracts. 

have now attempted isolate and identify some the estrogens 
extracts human pregnancy bile full-term. The results reported this 
paper indicate that addition large amounts estriol, estrone and 
probably also estradiol-178 and 16-epiestriol are present such extracts. 


‘ 


EXPERIMENTAL 


has been obtained full-term from Rh-sensitized pregnant women, 
who volunteered for the bile. routine clinical examination they were 
found apparently healthy. The bile was obtained the morning before break- 
fast duodenal intubation following the introduction few ether. 
was found rather difficult obtain large amounts bile this way from 
patients; the amount obtained varied between 5.3 and ml., averaging ml. Although 
efforts have been made avoid admixture duodenal secretions, the presence some 
duodenal fluid some the samples cannot definitely excluded. 

Hydrolysis and collected bile was diluted with distilled water 
300 ml., and immediately hydrolyzed for minutes with vol% the acid 
added the boiling aqueous solution through reflux condenser. was then 
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ler tap water and extracted times with freshly distilled ether, according the 
Brown (3). The ether extracts were combined and processed according 
Brown (3) and Brown al. (4) with slight modifications described previously (5), 
also hydroxide partition (6). 

estrogen methyl has been out according 
Brown (3) modified Diezfalusy Westman (5). 

‘ountercurrent K-values have been from transfer 
distributions. all-glass apparatus according Craig Post (7) 
been used. Partition coefficients were calculated according Williamson Craig 
and theoretical distribution values according Way Bennett (9). 

‘olor reactions.—The modified Kober reaction was carried out according Brown 
with the exception that for reading low optical densities mm. long cells have 
used previously suggested (10). Extraction the Kober color was carried out 
according (11), using the Salokangas Bulbrook (12). This 
differs from the original technique Ittrich two respects: tetrachlor- 
used instead chloroform, the use ethanol omitted. The modified ex- 
traction seems yield more stable color.? 

modified David (13) reaction has been out according Axelson 
(14). this modification estriol, estriol methyl ether heated with 0.15 
ml. sulphurie acid-ethanol reagent (2.5%/v/v/99.9% ethanol concentrated sul- 
phurie acid) 85° for minutes. After cooling, 0.8 ml. distilled water and 0.1 ml. 
acid are added, shaken, and the mixture re-heated boil- 
ing water bath for minutes. After cooling, 2.2 ml. 40% (v/v) aqueous ethanol 
added and the blue color read within hour. 

Sulphuric acid amounts steroids were incu- 
bated with 3.0 ml. concentrated sulphuric acid room temperature for hours and 
read Beckman spectrophotometer, model DU. 


RESULTS 


and bile estrogens 


the purified extracts were partitioned according 
Brown between benzene-petroleum ether and ethanol, Kober reac- 
tion carried out aliquot the aqueous phase indicated the presence 
considerable quantities Kober chromogens. When this substance was 
distributed transfer countercurrent distribution between benzene 
and water (10) the partition coefficient obtained (0.18) agreed with that 
authentic reference standard (0.19). Following methylation according 
Brown (3) the product behaved chromatographically estriol 
ether. The methylated and chromatographed substance was then sub- 
mitted another countercurrent distribution between 40% 
anol and carbon tetrachloride. The K-value obtained (0.79) agreed reason- 
ably well with that the reference standard Following ace- 
tylation with acetyl chloride, the methylated and acetylated product ex- 
hibited the same partition coefficient (K=1.0) the diacetate estriol 
ether, when partitioned between 90% methanol and n-hexane. 


are indebted Dr. Bulbrook (London) for making available these un- 
lished data us. 
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another portion the methylated and chromatographed 
ether fraction different color reactions have been carried out. 
Kober reaction modum Brown (3) revealed distinct absorption maxi 
mum 516 shown Figure When the pink color was extracte: 
with p-nitropheno! containing tetrachlorethane, the expected shift 
sorption maximum 537 was obtained (Fig. 1). Furthermore, ultra 
violet absorption spectrophotometry indicated the characteristic absorp- 
tion spectrum phenols. Following incubation for hours with cone. sul- 
phuric acid, the acid chromogen obtained was identical with tha 
erence standard (Fig. 2). 

Another portion the methylated and chromatographed extract 
used for the David color reaction (13, 14). The absorption spectra the 
David chromogens obtained with this extract and with 
methyl ether are shown Figure 

Finally, another sample the methylated and chromatographed 


Log 
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Fig. Absorption spectrum the Kober chromogen formed from estriol 
ether fraction isolated from human pregnancy bile (on the left) and the 
tained following extraction the pink color according Ittrich (11), modified 
Salokangas Bulbrook (12) (on the right). 
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acid chromogens obtained following incubation for hours room 


temperature estriol ether (open circles) and methylated 
fraction from pregnaney bile (filled 


methyl ether was submitted infrared spectrometric The 
infrared spectrum agreed completely with that estriol 
ether. 


Thus the identification estriol extracts human pregnancy bile 


the following evidence: 


Its behavior the ‘‘Brown”’ partition 

The partition coefficient the compound 

The partition coefficient its methyl ether 

The partition coefficient the acetylated ether 

The chromatographic behavior the methylated compound 

The absorption spectrum the methylated compound following the 
Kober reaction according Brown 

The characteristic change the absorption maximum the pink 
color following extraction 

are indebted Dipl. Eng. 


Veige, Leo for carrying out the 
spectrometric identification. 
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The absorption spectrum the methylated compound the ultra- 
violet light 
The absorption spectrum the sulphuric acid chromogens 
10) The absorption spectrum the David chromogens 
11) The infrared absorption spectrum. 


view the accumulated evidence therefore concluded that the isc 
lated compound was indeed identical with estriol. 

the Brown partition the benzene-petroleum ether 
phase was evaporated and the residue methylated according the 


1.000 
-800 


-600 


wavelength 


Absorption spectrum the David chromogens formed from authentic 
estriol ether (open circles) and from methylated estriol fraction pregnancy 
bile (filled circles). 


nique Brown (3). When the methylated fraction was chromatographed 
partially deactivated alumina, the presence estrone methyl ether- 
like Kober chromogen was indicated. Kober reaction carried out accord- 
ing Brown gave absorption maximum 516 my, which showed the 
shift from 516 536 following Ittrich extraction 
(11, 12). 

When Girard separation was carried out, subsequent Kober reaction 
indicated that virtually all Kober chromogenicity was present the 
tonic fraction. Following reduction this methylated ketone with KBH, 
aqueous methanol, the absorption maximum this Kober 
shifted 518 my, which for estradiol-178. When the 
duced compound was submitted countercurrent distribution 
following solvent system: n-hexane: 100, methanol: 90, water: 10, the 
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value obtained (0.22) agreed with that authentic 
ether (0.22). Following acetylation with acetyl chloride benzene, 
product partitioned itself the same solvent system with K-value 
ther distributed simultaneously this system also gave K-value 

Thus the view that the estrone methyl ether-like Kober chromogen pres- 
extracts human pregnancy bile identical with estrone 
ther based the following evidence: 


Chromatographic behavior the methylated compound 

The absorption spectrum the Kober chromogen 

The absorption spectrum the Kober chromogen following modi- 
fied Ittrich extraction 

The behavior the methylated compound the Girard separation 

The shift the absorption maximum the Kober chromogen from 
516 518 following reduction with potassium borohydride 

The partition coefficient the reduced estrone ether 

The partition coefficient the reduced and acetylated estrone 
ether. 


the small amount material available (approximately 100 
ml.) infrared spectrometric identification could carried out. Never- 
view the accumulated evidence seems justifiable con- 
clude that the isolated substance was identical with estrone 

the methylated estrone+estradiol- 
173 fraction indicated also the presence small amounts 
the amount this compound was only approximately per 
cent that estrone. The absorption spectrum this Kober chromogen 
had its maximum 518 mu. which shifted 538 following modified 
extraction. Lack material excluded the possibility further 
this compound. (The concentration estradiol-178 was 
less than ml.) Thus, view the high specificity the Brown 
method, suggested that these data may taken presumptive evi- 
favor the view that estradiol-178 might also present extracts 
human pregnancy bile. realized, however, that the evidence avail- 
able does not allow any definite conclusions. 

Brown partition— the aqueous phase 


‘It should noted that the constant 3-methyi ether =0.22) and 
ether-17 acetate this system are lower than 
reported previously (K=0.27 and 3.5 respectively) similar solvent system 
The higher K-values obtained the previously used solvent system (n-hexane 
(v/v) methanol) are attributable the contraction volume methanol follow- 
the addition water, resulting relatively higher water content the lower 


pase, 
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was extracted with ether, evaporated and partitioned between benzene and 
water, the countercurrent distribution indicated, addition huge 
amounts estriol, also the presence small amounts another Kober 
chromogen exhibiting K-value 3.2 (Fig. 4). This value partition co- 
efficient very close that =3.4) described Halla (10) 
and agrees with that reported Miinstermann 
(15). The extremely small amount material available ml. 
bile) excluded further characterization this compound. 
the evidence not sufficient for definite would appear 


20,0 


Tube number 


chromogens obtained from pooled extract human pregnancy bile. Solvent system: 
benzene (upper phase) and water (lower phase). partition coefficient. Dotted line 
indicates theoretical distribution values, according Way Bennett (9). 
The readings the right have been taken with mm. long 


from these data that some 16-epiestriol might also present such bile 
extracts. 
QUANTITATIVE INVESTIGATIONS 

The purpose the experiments described this section was obtain 
some preliminary information the nature and approximative 
estrogen present pregnancy bile. order carry out strictly quanti- 
tative assays method would have been needed which fulfills the recog- 
nized criteria reliability. Work now progress the development 
such method (16). 

Since was found that the Brown methods (3, are not suitable for th» 
estimation estrone and estradiol-178 human bile, but that 
estimates estriol can obtained the partition 
included the Brown procedures, the present assays have been re- 
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stricted the estimation estriol. This was assayed pregnancy bile 
obtained full term from volunteers. very great individual 
variation was found, with estriol values ranging from 1.6 604 
bile. Assuming lognormal (17) distribution individual estimates, 
(geometric) mean concentration estriol pregnancy bile term can 
tentatively estimated ml. However, since simultaneous 
ecovery experiments have been conducted pregnancy bile, all 
being restricted bile specimens from non-pregnant individuals, 
-hould pointed out that the above values may represent underestimates. 
obtained the characterization” (6) such estriol 
ractions indicate, the other hand, that these values can hardly repre- 
ent gross overestimates. 

On. basis the isolation studies carried out different pools preg- 

bile tentative estimate the approximate relationship between 
biliary estrogens pregnancy may also calculated. Thus from 
preliminary data available would appear that there least times 
much estriol estrone such extracts, whereas the con- 
centration estradiol-178 appears very low, probably less than 1.0 
ug. per 100 ml. bile. Thus—as far can judged from these preliminary 
would appear that the estrogen pattern human pregnancy bile 
differs from that pregnancy urine that less 
relation estriol seem present the bile. realized that further 
work needed before this problem can definitely clarified. 

Attempts have also been made separate from 
estriol, using ether chloroform extraction diluted, unhydrolyzed bile 
such experiments, whereas the fourth one the concentration 
estriol was per cent that total estriol. Thus would appear that the 
estriol human pregnancy bile full term present predominantly 
“conjugated” form. The nature conjugation has not been investigated 
the present study. Work is, however, progress this problem. 

DISCUSSION 

Since when Cantarow al. (18) reported for the first time that the 
activity liver bile obtained duodenal intubation women 
full-term pregnancy approximately three times that the blood, 
was generally assumed that human pregnancy bile must contain fairly 
amount estrogen. The experiments Pearlman Rakoff (2) con- 
the data Cantarow al. (18) and indicated high estrogenic 
diluted pregnancy bile when assayed the vaginal smear 

chnique spayed mice. 

data reported this paper confirm and extend the findings these 

and demonstrate that estriol and estrone can isolated from 

nples human bile. addition, the present data indicate 
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that some other estrogens, such and 16-epiestriol, 
also present such extracts. 

All the patients employed this investigation were apparently healthy 
Rh-sensitized mothers. That Rh-sensitized mothers should greatly diffe: 
from non-sensitized pregnant women far their estrogen metabolisn 
concerned, does not seem very likely. any rate, the urinary 
cretion estrone, estradiol-178 and estriol such sensitized women doe: 
not show any major deviations from that observed normally 
women (19). Therefore, seems justifiable assume that the bile 
normally pregnant women also contains significant amounts these estro- 
gens. 

far the quantitative aspects the problem estrogens 
bile are concerned, felt that would somewhat premature 
draw any definite conclusions from the results reported this paper. 
the other hand, seems justifiable suggest that the bulk estriol 
pregnancy bile occurs form. 
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THE EFFECTS UNILATERAL OVARIECTOMY 
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ABSTRACT 

the hamster, the follicles that will ovulate any one estrus usually 
distinguished the third day the estrous This has been shown 
determining whether compensatory ovulation occurs after unilateral ovariec- 
tomy the various days the estrous The results indicate that uni- 
lateral ovariectomy the first and second day the followed 
doubling the number ova released from the remaining ovary. There 
compensatory ovulation after unilateral the third 
fourth day. However, pregnant mare serum human chorionie gonado- 
tropin injected the time unilateral ovariectomy the third day the ovu- 
lation rate doubled the remaining ovary. The altered responsiveness the 
ovary the latter half the paralleled accelerated growth the 
largest follicles the antra begin expand. 

believed that shift the ratio FSH and mideyele accounts 
for the difference results when unilateral ovariectomy performed during 
the first second half the estrous 


HEN, during the estrous cycle, can the follicles that will ovulate 

the next estrus identified? Previous attempts answer this ques- 
tion indirectly have been based the growth the largest vesicular folli- 
cles during the estrous cycle The present investigation approaches 
the problem another way determining the effects unilateral ovari- 
ectomy the number ovulations from the surviving ovary. 

has long been known that unilateral ovariectomy (semispaying) leads 
compensatory hypertrophy the remaining ovary and that the ovula- 
tion rate the species remains remarkably constant after 
this procedure (4-8). previous investigations, several weeks elapsed be- 
tween unilateral ovariectomy and the time that the remaining ovary was 
finally removed. contrast, the experiments reported here, uni- 
lateral ovariectomy was carried out for each day the estrous and 
the remaining ovary and oviduct were removed shortly after the next ex- 
pected ovulation. 


MATERIALS AND METHODS 


Effects Unilateral Ovariectomy Ovulation 


sexually mature golden hamsters (Cricetus auratus) were used estab- 
the unilateral ovariectomy ovulation from the remaining ovary. The 
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duration the estrous cycle was determined examining the vaginal smears; the 
voluminous thick discharge the approximate time ovulation was especially valuable 
dating the (9). Only those animals which had completed least two consecutive 
4-day cycles were used the experiments. this paper, day designates the morning 
ovulation while day the morning before the next expected ovulation. the 
hamster, ovulation usually takes place between and a.m. 

The hamsters were divided into four equal groups and the right ovary was removed 
the dorsal route either day between and a.m. The animals were 
killed the day after the next expected ovulation between and and the left 
oviduct was then removed. Serial sections cut and stained with Heidenhain’s 
azan were prepared all the ovaries and oviducts. The number corpora lutea the 
right ovary was then compared with the number ova the corresponding left oviduct. 


The Growth the Vesicular Follicles 


The next step was establish the rate growth the largest follicles 
whether their morphological development could correlated any way with the re- 
sponse unilateral ovariectomy. 

Twenty-six serially sectioned ovaries were studied establish the pattern 
growth. The mean volume the six largest follicles each ovary was 
measuring the two diameters right angles each other the largest section each 
follicle. third diameter was determined counting the number serial sections com- 
prising the follicle. The average the three values was then substituted the 
for sphere: 

The Effects PMS and HCG Ovulation 

The third set experiments were designed determine whether exogenous gonado- 
tropins would influence the effects unilateral ovariectomy. Immediately after semi- 
spaying day series hamsters were injected with varying dos- 
ages pregnant mares’ serum (PMS) human gonadotropin (HCG)? 
Table for details). The animals were killed day the next and comparisons 
were again made between the number corpora lutea the previously removed right 
ovary and the number ova the left oviduct. 


RESULTS 
The effects unilateral ovariectomy ovulation 


When unilateral ovariectomy was performed during the first two 
the estrous cycle, twice many ova were ovulated from the left ovary 
than from the previously removed right ovary (Table 1). contrast, after 
semispaying the third fourth day the cycle, there was difference 
the number ova ovulated between right and left ovaries. The differ- 
ence the number ovulations was highly significant when the 
ovaries were compared for the first and second halves the estrous 
(for the left ovaries day and P<.001). However, there 
significant statistical difference between any the means the righ 
ovaries. 

Unilateral ovariectomy did not change the interval between ovulation: 


PMS and HCG were generously furnished the Ayerst Labor: 
tories, New York City. 
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TABLE THE EFFECT UNILATERAL OVARIECTOMY THE NEXT OVULATION 


No. from right ovary left ovary next cycle 
5.6+0.38 10.9+0.62 


“he hamsters invariably ovulated the time predicted the basis 


previous estrous cycles. One animal was unilaterally ovariectomized 
day and the next four were exactly days length. 


the ovarian follicles during the estrous cycle 


day the mean volume the largest follicles the normal ovary 

(Table 2). The granulosa cells were multilayered and there 
trace antrum; the was undeveloped and relatively 
avascular (Fig. 1). day the average follicular volume increased 
and the antrum began form series separate cavities 
2). The most striking difference between the two groups ovaries 
was the sudden increase vascularity the the second day the 
The vascularity the theca was not limited the larger follicles; 
many the smaller follicles were also hyperemic. shown Table 
there was shift the growth rate the follicles between days and 
the day the volume the largest follicles had increased 
10° due primarily the formation large antrum (Fig. 3). The 
was even more intensely vascularized than day day the 
volume the preovulatory follicles was 77.8 (Fig. 4). summary, 
the the growth rate the follicles between days and was the 
result the rapid expansion their antra. The accelerated follicular 
growth coincided with the altered responsiveness the remaining ovary 
unilateral ovariectomy. 

Why the remaining ovary did not undergo compensatory ovulation after 
unilateral ovariectomy the second half the cycle poses interesting 
problem. Perhaps the largest follicles after antrum formation may some- 
how the growth the remaining follicles and these vesicular folli- 


TABLE 2.. THE GROWTH RATE OF FOLLICLES IN THE HAMSTER OVARY 


Day No. animals largest follicles follicles 


Mean +standard error the mean. 


= 
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cles are the only ones capable ovulation. However, after unilateral ovari- 
ectomy day there were many more medium sized follicles the re- 
maining day ovary than the corresponding normal ovary. This suggests 
that the surviving ovary was able respond partially after semispaying 
latter half the but not sufficiently result twice the num- 
ovulations. 

alternative possibility that there may shift the ratio cir- 
ulating FSH and day with resultant predominance LH. This 
with current ideas the gonadotropic control ovulation (13). 
following experiments were designed test this possibility deter- 
whether PMS HCG injected day could increase the number 
ovulations. 


effect PMS HCG ovulation after unilateral ovariectomy 
Hamsters injected immediately after semispaying day with single 
dose PMS, ovulated twice many ova from the surviving left 
ovary the non-treated group (Table 3). After the reduction the PMS 
dosage from the ovulation rate was still doubled. The number 
ovulations after PMS treatment was the same range the number 
ovulated from the left ovary when unilateral ovariectomy was performed 
during the first half the Tables and 3). The length the 
cycle was unaffected the administration PMS; ovulation occurred 
all instances the expected time. When PMS was injected 


day into three intact hamsters, the animals averaged 14.0 ovulations for 
hoth ovaries (range: ova). length was again unaffected 
the PMS treatment. 
When 12.5 HCG was injected immediately after unilateral ovari- 
ectomy day the remaining ovary released even more ova than after 
the PMS treatments (Table 3). However, the estrous cycle was prolonged 
one day among four the HCG treated hamsters. delay 
20 
TABLE THE EFFECT GONADOTROPINS THE NEXT 
No. ova No. ova ovulated 
Dosage No. ovulated from next cycle from 
animals right ovary left ovary 
(mean (mean 
PMS 
~ | 
HCG 


After unilateral ovariectomy day 


| la 


ovulation was furnished hour shift the time the post ovu- 
latory vaginal discharge. HCG treated hamsters killed the day the 
discharge the tubal ova were still closely surrounded granulosa cells 
which again indicated that ovulation had only recently taken place. Two 
the animals treated with 12.5 HCG failed ovulate. The ovaries 
hours after the expected ovulation contained large vacuolated corpora 
lutea. The short normal life span the corpora lutea ovulation had ap- 
parently been prolonged the HCG treatment. 

When the HCG dosage was reduced from 12.5 there was 
significant difference between the ovulation rates the right and left 
ovaries. the five animals tested this level, three showed 
duration the estrous cycle; all three cases the number ovulations 
did not differ between right and left ovaries. the remaining animals 
which the cycle was prolonged one day, the surviving left ovary 
lated higher rate than the right one (for female 84, right ovary: ova, 
left ovary: 11; for female 86, right ovary: ova, left ovary: 13). 


DISCUSSION 


The present experiments indicate that the hamster the follicles that 

will ovulate during specific estrous cycle are usually set aside the 
third day. After unilateral ovariectomy days the remaining ovary 
doubled its normal ovulation rate, but there was increase ovulation 
when semispaying was carried out days (Table 1). 
Simultaneous with change the responsiveness the ovary the 
latter half the cycle there was increase the growth rate the 
largest vesicular follicles. The accelerated follicular growth resulted from 
the rapid expansion the antrum between days and the mouse, 
increase the growth the largest follicles also occurs two days before 
ovulation (1) and has been suggested that these follicles will ovulate 
the next estrus. Similarly, the rat, follicular volume doubles between 
and hours after the beginning heat (3). 

The hamster was the ideal animal for study this type that ovula- 
lation occurs remarkably constant 4-day interval. The duration the 
estrous cycle not altered after unilateral ovariectomy and the rapid re- 
gression the corpora lutea ovulation means that there never more 
than one generation large corpora lutea the ovary. Preliminary exper 
ments with the white rat have far been complicated the inability 
consistently fulfill these requirements. 

the present short term experiments, the effects unilateral ovar 
ectomy the follicular population have not been established. Sever: 
months after prepubertal rats are semispayed, the surviving ovary mo: 
than 100% heavier than control ovaries (after the appearance 
lutea) (4). Furthermore, there difference the total number 
surviving control ovaries. The important distinction that the numb 
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well-developed follicles greater semispayed than control ovaries. 
increase the population large follicles after unilateral ovari- 
‘tomy may caused (1) decrease follicular atresia that more 
may reach maturity; (2) increased proliferation medium 
follicles (3) combination factors and the rabbit, de- 
follicular atresia mainly responsible for compensatory ovulation 

quantitative study the proportion follicles different stages 

velopment necessary before the relative importance these factors 

determined for the hamster. 

The surviving ovary, after unilateral ovariectomy day ovulated 
ice Many ova the control ovary following the injection either 
HCG (Table 3). While thought that PMS predominantly 
preparation and HCG mainly effective compound (14), 
ese experiments both gonadotropins were able increase the ovulation 
e. 

possible that the hormones may increasing ovulation different 
With PMS administration, perhaps more follicles are initially 
grow, but the length the estrous cycle unaltered. With 
treatment, the prolongation the cycle suggests that more follicles 
have time reach maturity. The HCG treatment may result in- 
crease the final number ripe follicles rather than greater initial pro- 
growing follicles. suggested that possible luteotropic 
HCG the hamster (as evidenced the longer histological sur- 
vival the corpora lutea ovulation) could account for the lengthening 
the estrous cycle. Further quantitative study the ovary needed 
determine whether this between the effects PMS and HCG 
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ABSTRACT 


study was made rats ascertain whether the growth and secretory 
phases the mammary gland during pregnancy were associated with variation 
concentration pituitary lactogenic hormone. Pituitary lactogenic hormone 
levels were determined the common pigeon micro method assay. Pituitary 
weight was low during most pregnancy, but increased markedly short 
time before parturition (day 21). Pituitary lactogenic hormone increased dur- 
ing the first two-thirds pregnancy during which time there was growth, but 
little activity the mammary gland. Peak concentration 

mg. pituitary) was reached day 16. the secretory activity the mam- 
mary gland progressively increased during the last one-third pregnancy, 
pituitary lactogenic hormone levels decreased markedly reaching the lowest 
point (.004 day 21. The significance this discussed. The in- 
fluence 3.6, and estradioi benzoate (E.B.) for days upon 
pituitary weight and lactogenic hormone concentration was studied mature 
female rats. Greatest pituitary enlargement occurred with E.B. 
while pituitary hormone increased concentration the log-dose 
E.B. The level resulting from E.B. (.054 closely ap- 
proximated the highest level found during pregnancy. 


HERE tendency think milk secretion primarily occurring 

only after parturition. However, biochemical and cytological evidence 
indicate that during the latter third pregnancy increase secretory 
activity (1-4). has been shown, for example, that mammary 
gland alveoli rats become progressively distended with secretory prod- 
ucts during late pregnancy with maximum engorgement occurring few 
hours before parturition (3). Since initiation milk secretion has been 
shown dependent upon lactogenic hormone released from the adeno- 
hypophysis (5, 6), seemed interest investigate whether prepartum 
secretory activity the mammary gland would reflected 
tion pituitary concentration lactogenic hormone from that found dur- 
ing the first two-thirds pregnancy. 


MATERIALS AND METHODS 


housed under conditions unifrom temperature (78+1° and fed Purina Lab 
and water libitum. 
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muary, CONCENTRATION LACTOGENIC HORMONE 
Experiment rats weighing 250-260 gm. were bred with males the same 
rain. Ten rats were killed each days 12, and pregnancy. Ten others were 
‘led few hours before parturition (approximately day 21). Immediately after sacrifice, 
pituitary gland was removed, blotted remove surface moisure, weighed the 
arest mg. ona Roller-Smith torsion balance, and frozen until assayed for lactogenic 
‘mone. Pituitary glands similarly obtained from non-pregnant female rats the 
age and weight range served controls. 

Experiment female rats weighing 250-265 gm. were subcu- 
each day for days with 1.0, 3.6, 15.0 50.0 estradiol benzoate (E.B.) 

ml. olive Fifteen served controls and were injected with ml. olive oil/day 

Twenty-four hours after the last injection each rat was killed and 
gland removed and handled above. Each pregnant and 
animal was skinned and its mammary glands examined for extent development 

secretory activity. 

Lactogenic Hormone—Five pituitary glands were pooled for each assay. 
were allowed thaw room temperature, crushed agate mortar and sus- 
ded distilled water. The suspension was then injected intradermally ml. 
each day for days over one the adult pigeons 
both sexes weighing 

water solutions standard hormone* containing 
were similarly injected doses .18, .7, 2.8 5.6 over the opposite 
crop-saes some the assays. 

hours after the last injection each pigeon was killed, their crop-sacs 
removed and cut into halves. Each half then was stretched fully over light source 
and the diameter proliferation measured. responses resulting from injection 
the pituitary suspension were converted mg. hormone the regression 
equation (log This was the basis the diameter 
proliferation (Y) the pigeons which were injected with various levels 
standard hormone (X). Conversion was accomplished multiplying 

RESULTS 

Weight pituitary glands and their concentration hor- 
mone non-pregnant and pregnant rats are shown Figure Average 
pituitary weight rats pregnant 12, 16, days was less than that 
non-pregnant controls. The difference was significant (P=.01) 
each instance. day 21, average weight pituitary gland was signifi- 
cantly greater than those rats 12, 16, 18-days pregnant, but 
did not differ significantly from those non-pregnant 2-day lactating 
rats. Pituitary lactogen concentration day pregnancy averaged 
pituitary only 34% that present pituitary glands 
non-pregnant female rats. The peak concentration hormone 
was reached day pregnancy (.051 Beyond this day the 
level was reduced the point where only that present day 
found pituitary glands rats day pregnancy though, this 
pituitary weight was maximum. 


second experiment injection estradiol benzoate into ma- 


The hormone (NIH-SP-1) highly purified sheep preparation being 
ributed the National Institutes Health. 
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ture female rats dose 3.6, for days caused signifi- 
‘ant increases pituitary weight comparison with controls 
Greatest pituitary enlargement occurred those injected with day 
Lactogenic hormone concentration pituitary glands E.B.- 
treated rats varied directly with the log-dose (Fig. 2). 
glands those injected with the greatest dose contained 
lactogenic hormone /mg. than those from controls. The lactogenic 
concentration .054 obtained from pituitary glands 
treated with was approximately equal the peak level 


PREGNANCY LACTATION 


TUITARY 
2 


jo] 
uw 


fe} 


= 
> 
a 
< 
| 
a 
= 


LACTOGEN/ng 


LU. LACTOGEN/m 


z 
CONTROL 150 500 
ESTRADIOL /DAY 
DAYS 


Weight and lactogenic upon pituitary weight 

concentration pituitary glands preg- hormone concentration mature fe- 

nant rats. Each point represents average rats. Estradiol 

glands. Data day for days. Each point represents 
from Grosvenor and Turner (14). average glands. 


Examination mammary glands and 16-day pregnant rats 
showed good lobule-alveolar growth. The alveoli, however, were dis- 
tended any extent. from 18-day pregnant rats were slightly dis- 
tended while those obtained from rats killed few hours before parturition 
were very white appearance and greatly distended with secretion. When 
the mammary glands were cut, the contained secretion exuded freely. 

alveoli were present any secretion noted the mammary 
nonpregnant female rats injected with any level 


DISCUSSION 


Previous studies the pituitary lactogenic hormone content the 
have shown that low during pregnancy but increases markedly 
parturition (7, 8). Assay techniques employed these studies were 
subjective, however, with the result that changes small magnitude 
not easily detected. More sensitive assay methods for detection 
genic hormone have since become available (9, 10). With the use one 
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these (9) the present study has been shown that during the first two- 
thirds pregnancy, during which time there was noted little evidence 
secretory activity the mammary gland, lactogenic hormone content 
the pituitary gradually increased and reached peak day 16. 
with the observed progressive increase secretory activity 
mammary gland during the last third pregnancy there was rapid 
pituitary lactogenic hormone concentration the pituitary. 

These data suggest that progressive accumulation lactogenic hor- 
none occurs during the period mammary gland development. The hor- 
none then discharged during the latter part pregnancy initiate 
ecretory activity the mammary gland alveoli. 

well known that estrogen secreted during pregnancy necessary 
nsure mammary gland duct growth and, synergism with progesterone, 
promote full lobule-alveolar development. Reece and Turner (11) were 
first show that estrogens also could elicit increase lactogenic 
content the rat pituitary gland. This was later confirmed and 
extended include other species would appear from the results 
the present study that estradiol benzoate necessary 
evoke rise pituitary lactogenic hormone comparable the peak level 
note that these levels estradiol benzoate approximate those generally 
employed experimental development rat mammary gland. 

The factors which cause the prepartum release lactogenic hormone 
from the pituitary are not known the present time. known that fol- 
lowing parturition the nursing stimulus elicits reflex release the lacto- 
hormone (14) and possible that some neural stimulus, possibly 
arising from the pregnant uterus, instrumental causing similar dis- 
charge during late pregnancy (Fig. 1). This possibility presently being 
explored. 
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ABSTRACT 


n-valerate, 0.5 mg. oil, was given weekly immature rats 
and the upon the length the spongiosa the tibias and femurs was 
observed x-ray. After weeks high specifie was given 
the estrogen-treated rats and equal number controls, which had re- 
ceived weekly injections oil alone. Groups rats each were killed in- 

The distribution the femurs, tibias and incisors was analyzed 
kinetically according the method Bauer, Carlsson, and Lindquist. ad- 
dition qualitative observations were made microradiography and auto- 
radiography sections the femurs. 

The kinetic study, agreement with the observations made autoradiog- 
raphy, indicated reduction approximately 50% the rate resorption 
the upper ends the tibias the estrogen-treated animals. This led the con- 
clusion that while removal from the central part the spongiosa the 
long bones was markedly inhibited, resorption was still progressing the 
bones studied. Such resorption was presumably locations the bones 
which growth and remodeling were prominent. thus seems that resorption 
incident remodeling not appreciably affected treatment with estrogens. 


estrogens young, growing rats produces 
effect not observed any other species. Resorption the spongiosa 
the long bones, which ordinarily serves maintain the secondary spon- 
giosa approximately constant length during growth, inhibited. 
The result that elongated core spongy bone found the metaph- 
ysis, its length depending upon the dose estrogen, the period over 
which administered, and the rate growth the animal (1). 

use tracer techniques, Bauer, Carlsson, and Lindquist (2) have 
been able account for the radioactive the skeleton 
the animal which administered, the sum the amount the 
exchangeable fraction the bone salt, plus the amount incorporated into 
the non-exchangeable fraction accretion, less the amount removed 
resorption. 

The aims the present investigation were: (a) study the 
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metabolism calcium growing rats after one these physiologic 
variables, resorption, was interfered with administration 
active estrogen preparation; and (b) correlate the data ob- 
ined with the information derived from autoradiography and micro- 
diography.. 


MATERIALS AND METHODS 


litters, rats, the Sprague-Dawley strain, thirty-three days old 

both sexes were used; they were fed diet and each rat was housed 
One litter was killed the beginning the experiment and provided 
controls for the experimental animals. 

litters was divided into sub-groups. Five rats each litter were each 
0.5 estradiol n-valerate 0.05 ml. sesame oil intra- 
week for weeks. The remaining rats each litter were each given 
ml. sesame oil the same manner. All rats were weighed twice week. Roent- 
ograms each rat were made the time each injection (Picker X-ray, portable 
type; Kodak Type film). approximately weeks after the initial dose 
all animals were given Ca* intraperitoneal Each rat received 
ml. saline solution containing about high specifie activity 
Ca® (Oak Ridge, 3108 me./gm.). One litter was killed each the following intervals: 

for minor deseribed below, the techniques for the collection 
and the determination radioactivity were those Carlsson (3). Under ether 
anesthesia the carotid artery was opened and blood was centrifuge tube 
until death the animal. Total serum was determined individual blood 
samples from each rat Clark and Collip’s modification the method Tisdall (4). 
After titration the solution was brought volume ml. with dilute nitrie acid 
sp. gr. 1.084) and radioactivity was determined ml. aliquot. 

tibias and incisor teeth were dissected out and the lengths the bones were 
measured with caliper. Roentgenograms were made all specimens. Under x-ray 
control, the upper and lower ends both tibias and fibulas were cut 
the metaphyses within the end portions leaving the shaft free medullary 
bone. The tibia-fibula segments are herein referred tibias. The right femurs, 
tibia segments and incisors were ashed electrically heated and then weighed. 
The radioactive samples were dissolved ml. dilute acid and radioactivity 
was determined ml. aliquot. 

The aliquot samples were counted, using end-window G-M tubes (TGC window 
thickness 1.6 and 1.8 The radioactivity the samples was compared with 
that standard solution the isotope and the values were expressed percentage 
the dose administered. 

Sections the left femurs estrogen-treated and oil-treated rat from 
and from interval all) were prepared for microradiograms and low resolu- 
tion autoradiograms. The femurs were fixed absolute aleohol, dehydrated with ether, 
embedded methyl and cut with high-speed rotating 
saw into sagittal 100 microns. The sections were placed Eastman Kodak 
Type plate and exposed for days. The microradiograms were 
mace pressing the bone sections into contact with Eastman Kodak 
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Principles 

The this paper are based the formulations Bauer, Carlsson 
Lindquist (2). These authors describe the movement and other constituent 
the bone mineral between blood and bone the resultant three processes: 
accretion, the ineorporation elements the non-exchangeable fraction bon 
mineral; (b) resorption, the solution non-exchangeable bone mineral; this equ: 
the difference between accretion and retention; and exchange, the 
ment ions and out the exchangeable fraction the bone mineral. Accordin 
this interpretation tracer data, accretion and resorption represent two 
both irreversible and working independently opposite directions. Ion exchange 
one-for-one reversible exchange ions between blood and the exchangeable 
bone mineral. 

The deposition mineral bone may clearly visualized 
following administration the following locations: (a) the zone 
the junction the epiphyseal cartilage with the metaphysis; (b) sub- 
periosteally the shafts the bones, where growth diameter occurring; and 
sub-endosteally the metaphyseal region forming the funnel which joins the region 
epiphyseal-metaphyseal growth with the shaft (Fig. 5). 


Calculations 


The principles outlined the foregoing section, subjected study the use 
Ca*, are formulated Bauer, Carlsson and Lindquist (2) the follow- 
ing equation: 

Caop, = Cag + Cag — Car (1) 
which 

=amount the exchangeable fraction the bone 
amount into the non-exchangeable fraction the bone 


through 


“~~ 


Under the assumption that and are deposited the bone mineral the 
same proportions those which they are present the plasma any instant 
time, Bauer, Carlsson and Lindquist derived the equation: 


t 


which 
constant for the duration these experiments. 
=interval time between administration Ca® and observation. 
=integrated activity serum from time time (see inset, Fig. 2). 
This the notation currently used Bauer, Carlsson and Lindquist 
press) and equivalent the quantity the notation 
The rate resorption total from the equation: 
which 


Ret =rate retention total bone, from the ash weights 
bone intervals 
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Treatment the Activity Data 

The observed values the specifie activity the serum were plotted and smooth 
urves were drawn fit these values closely possible. The activity values, S(t), 
sed the were taken from the curves (Fig. 2). Integration the curves 
was performed estimating the area under each curve. Such estimates were 
with planimeter large paper, and were verified cutting out and weigh- 
the areas under the curves. 

The activity values, used for solving the equations and for construction 
were obtained from smooth curves drawn through plots the observed values 
the parts the skeleton studied (Fig. 3). The aceretion rate, and the value for 
changeable were from the values thus obtained for 

and hour intervals substitution the equations Bauer, Carlsson and 
indquist (2). These values Aand were then used for the and 
similar substitutions. each interval was obtained substitution 
Equation (1) above. 


RESULTS 

observed plotting the average increase body weight 1). Whereas 
the control group the body weight increased about 4.1 gm. per 
day, the increase for the estrogen-treated group was only about 2.0 gm. per 
weight. Similarly, Table records the inhibiting effect estrogen 
growth length the long bones. Over period days, beginning 
from the age days, the average increase the length the femur was 
found 0.25 and 0.16 mm. per day for the control and estrogen-treated 
rats, the tibia the corresponding figures were 0.25 and 0.15 
mm. per day. The increase length the long bones was thus reduced 
administration estrogens approximately 

Roentgenograms revealed that within weeks there was demonstrable 
increase the length the core spongy bone the lower ends the 
femurs and the upper ends the tibias the estrogen-treated rats. After 
weeks the spongiosa the upper ends the tibias had attained length 
compared with 1-2 mm. the control rats (Fig. The 
microradiograms (Fig. confirmed the increase length the central 
part the spongiosa the estrogen-treated rats. The autoradiograms 
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represent averages for all rats 
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(Fig. illustrate the similarity the pattern distribution radio- 
hour after injection. days much the activity the spon- 
giosa the control rat had been removed resorption, while remained 
virtually unchanged the estrogen-treated rat. the two groups the 
growth the epiphyseal line, marked the movement radioactivity 
away from the epiphyseal plate, was approximately the same. 


Kinetics skeletal the samples blood 
serum plotted Figure After the hour interval the activity 
values S(t), for the estrogen-treated rats, were higher than for the controls, 
with the possible exception the intervals after days. Consequently the 
values for the integrated activity, were higher for the 
estrogen-treated rats (inset, Fig. 2). 

The observed activity values the shafts and upper ends the tibias 
are plotted Figure together with the curves for the separate fractions 
the activity, from values derived described above. the shafts the 
tibias seen that the curve for coincides with the curve for 
For the upper ends the tibias the curves for 
resemble the corresponding curves for the shafts; the curves for 
however, deviate significantly lower level. This deviation, which begins 
about hours, attributed loss activity resorption bone, 
and the curves for are plotted accordingly. 
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blood serum control rats (open symbols, interrupted line 
and estrogen-treated rats (solid symbols, continuous line). The values are expresse: 
covered the blood serum activity curves during intervals hours 
(Controls, interrupted line; estrogen-treated, solid line.) 
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CONTROLS TREATED 


PER CENT DOSE 


TIBIA SHAFTS 


PER CENT DOSE 
PER CENT DOSE 


DAYS DAYS 


Role resorption and exchange reactions the uptake and loss 
the shafts and upper ends the tibias. Dots indicate single observations 
interrupted line (ends tibias only) smooth curve drawn through these 
points. shafts curve for identical with sum (amount exchangeable 
fraction) and (amount added non-exchangeable fraction accretion). 
(amount resorbed from non-exchangeable fraction) obtained subtracting 
from Solid-line curves constructed from points described 
text. 


the upper ends the tibias significant difference seen 
hetween the estrogen-treated and the control groups with respect 
the slopes the for the regression coefficients being —0.068 

and respectively, when calculated from the ob- 
served values from the hour the day interval. This difference 
the shafts the tibias, where resorption had influence the activity 
during the experimental period, significant difference the slopes 
the curves seen between the estrogen-treated and the control 
the regression coefficients being and 0.040 +0.011, 


when calculated from the observed values from the hour 
the day interval. 


TIBIA UPPER ENDS ENDS 
45 
Ca** R Ca*® 
E 5 
DAYS DAYS 
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The values for the accretion rate, are presented Tables and 
all skeletal parts examined except incisors the absolute values were sig- 
nificantly lower for the estrogen-treated rats than for the controls; the 
femurs and upper ends the tibias the values for the estrogen-treated 
animals were about two-thirds those for the controls. the shafts the 
tibias the value for the estrogen-treated group was about one-half that 
for the controls. the incisors the values were about the same for both 
groups, agreement with the general experience that the incisors 
continue grow under conditions that markedly influence growth 
whole. 

When the accretion rate for the tibias and femurs was studied relation 


TABLE BONE SALT METABOLISM CONTROL AND ESTROGEN-TREATED YOUNG RATS 


, Both tibias, | Both tibias, Both tibias, 
upper ends } shafts lower ends 


Four incisors 


Control | Estrogen) Control | Estrogen} Control |Estrogen| Control Estrogen! Control Estrogen 
Accretion rate (A) | 

inmg. 0.153 0.100 0.193 0.035 0.032 0.019 0.085 0.079 
Exchangeable | | | | | 

Fraction (FE) in 


mg. Ca | 2.80 1.96 3.33 2.60 1.25 | 0.72 | 0.60 0.39 | 0.380 0.65 
content mg.* 81.3 77.0 47.7 24.9 22.6 55.7 52.1 
Retention rate | | | | 

(Ret) inmg. Ca / | | | 

hr.t | 0.067 0.059 0.046 | 0.059 | 0.047 0.025 0.021 | 0.016 | 0.032 0.024 
Resorption rate (R | | 

mg. 0.041 0.127 0.074 0.017 0.010 0.011 0.003 0.053 
Resorption Accre- | } | | 

tion (RA 0.56 0.41 0.76 0.56 0.27 0.29 0.34 0.16 0.62 | 0.63 

* These values are calculated from Table 3. 

+ Estimated from a value of 38°) Ca in bone ash. 
t In incisors these figures represent the attrition rate. 


their growth length difference was found between the controls and 
the estrogen-treated animals (Table 2). Similarly, the accretion rate for the 
estrogen-treated rats was reduced only proportion the lower rate in- 
crease body weight. 

The retention rate (Ret) was derived from the increase ash weight 
the skeletal parts (Table 3). all parts examined, femurs, and 
sums the segments the tibias, but except for the upper ends the 
tibias, the ash weights were higher for the controls than for the estrogen- 
treated rats, was expected from the larger size and greater 
the controls. The absolute values for the ash weights the upper 
the tibias, however, were higher the estrogen-treated group, spite 
the smaller size these animals. This difference accounted 
the higher content spongy bone resulting from the treatment 
estrogen (cf. x-rays and microradiograms). 

The two values for the net increase bone mineral, calculated 
the increase during the period the experiment and from that during 
days following administration were good agreement. For th» 
whole femurs and sums the parts the tibias almost identical values 
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increase were found. For the upper ends and shafts the tibias there 
ere small differences, but these were not significant the further 
ons. From these findings apparent that the retention rate 
higher the group all skeletal parts studied except for the 
ends the tibias, where higher value was found the estrogen- 
group. 


resorption rate (R) was calculated subtracting the 
retention from the rate accretion (3)). all the 
eletal tissues examined, except the incisors, the absolute figures for re- 
(Table are lower the estrogen-treated group than the 
Moreover, seen that the femurs, and the upper and 


TABLE 2. ACCRETION RATE RELATED TO GROWTH IN CONTROL 
AND ESTROGEN-TREATED YOUNG RATS 


Tibia 

Average length mm. days age* 23.44 .58 
Average length mm. 63.8 days 

Control 31.03 35.24 

Estrogen 
Increase length mm./day during the period 30.8 days 

Control 0.246 0.249 

Estrogen 0.159 0.152 
Accretion rate (A) mg. Ca/hr.t 

Control 0.145 

Estrogen 0.100 
Accretion rate relation increase length (A/L) 

Estrogen 0.63 0.61 


These figures were obtained from one litter untreated rats. 

These figures were obtained from 100 rats treated with estrogen oil from age 
days; the average age was 63.8 days time sacrifice. 

These figures refer one femur and one tibia. The figures for the tibias are the sums 
the values the different segments tibias Table 


lower ends the tibias, the resorption rate had dropped considerably more 
than the corresponding accretion rates. Thus the figures for R/A the 
femurs were 0.56 and 0.41 for the control and the estrogen-treated groups, 
respectively for the upper ends the tibias the corresponding figures were 
0.76 and 0.56. the shafts the tibias and the incisors the values for 


were approximately the same for the experimental and the control 
groups. 


calcium the bones.—The amounts exchangeable calcium 
the different skeletal parts studied were lower the estrogen- 
treated than the control groups (Table 1). agreement with earlier in- 
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DISCUSSION 


Administration estrogen young rats causes general reduction 
growth the skeleton and the total body. The lower accre- 
values for the estrogen-treated animals compared with the controls 

for this effect; the difference accretion values corre- 
with the difference rate growth, whether evaluated total 

agreement with earlier studies the effect estrogens the skele- 
the trabeculae the central part the spongy bone the estrogen- 
ated rats were longer than the controls, shown x-rays and micro- 
this effect accounted for inhibition resorption the 
ongiosa. the shafts the inhibition bone resorption was not more than 
accounted for the general reduction growth, consequently 
effeet was seen the ratio (Table 1). the ends the tibia, how- 
ever, there was more marked inhibition bone resorption than could 
accounted for the reduction 
growth, resulting decrease the 
ratio R/A. support these find- 
ings the final slope the observed 
activity curve the upper ends 
<0.005) steeper the controls 
than the estrogen-treated rats, 
while corresponding difference 
was seen the shafts. The kinetic 
data thus agree with the morpho- 
observations. 

Microscopie observation the 
hones estrogen-treated rats 
earlier studies (1) gave the impres- 
sion that inhibition resorption 
the trabeculae bone the center 


control and estrogen-treated rats. Follow- 
ing continuous administration estrogen 
the length spongiosa the metaphysis 
and the density indistin- 
from compact bone. Controls: 
left, male; upper right, female. 
gen-treated rats: lower left, male; lower 
female. Estradiol n-valerate, 0.5 
‘wk. for wks. 
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the spongiosa the long bones was virtually complete. There was litt! 
thinning the trabeculae the primary spongiosa, and their exten 
sions into the secondary spongiosa gave evidence shortening 
resorption the tips. From the present investigations, however, 
pears that the total figure for resorption the upper ends the tibias 
reduced approximately 50%, indicating that resorption this 
was still active. Since the remodeling incident growth was continuing 
the external structure the bones not being appreciably affected 
estrogens, appears that the resorption which participates 
not inhibited this treatment. 

The quantitative findings with respect resorption the spongiosa are 
also agreement with the observations made means autoradiogra- 
phy. During interval days following administration large 


Microradiograms (left) sections and their autoradiograms (right) control 
and estrogen-treated rats following administration Ca*. The sections were 
from the distal ends left femurs. Note the unresorbed spongiosa the 
control and estrogen-treated rats. days there retention radioactivity 
estrogen-treated rat despite new endochondral growth below the cartilage plate, 
the control rat the corresponding activity has been removed resorption 
spongiosa. One hour post-injection: B—Estrogen-treated. Eight day 
injection: 


J 
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the radioactivity disappeared from the spongiosa the 
mtrol animals, while that the estrogen-treated animals was retained 
rtually without change (Fig. 5). 

The observations the present study provide additional evidence for 
validity and usefulness kinetic analysis, the methods Bauer, 


and Lindquist, investigations the metabolism the bone 
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INCREASED WATER PERMEABILITY THE 
(RANA CATESBIANA) BLADDER VITRO 
RESPONSE SYNTHETIC OXYTOCIN AND 
ARGININE VASOTOCIN AND NEURO- 
HYPOPHYSIAL EXTRACTS FROM NON- 
MAMMALIAN 


WILBUR SAWYER? 
Department Pharmacology, Columbia University College 
Physicians and Surgeons, New New York 


ABSTRACT 


hormones accelerate the passage water across the wall 
the isolated bullfrog (Rana catesbiana) bladder vitro. Net water move- 
ment may either direction depending the existing osmotic gradient. Net 
sodium transport from mucosal serosal surfaces has little influence the 
magnitude direction water movement. The increased net water move- 
ment considered, therefore, due change water permeability, 
probably resulting from the dilatation pores. 

Oxytocin more active than vasopressin enhancing water permeability. 
The synthetic analogue arginine vasotocin many times more active than 
oxytocin. The ratio frog-bladder activity activity high 
neurohypophysial extracts from lamprey, teleost, frog, toad, marine 
turtle, and the chicken. This suggests that arginine vasotocin may natural 
hormone the neurohypophyses many non-mammalian vertebrates. 


EHYDRATION the injection neurohypophysial hormones 
reabsorption bladder water frogs and toads (1, 3). 
Water reabsorption appears occur through the wall the bladder it- 
self (4). Rana pipiens this response can elicited with large doses 
natural synthetic oxytocin. larger doses natural lysine vaso- 
pressin are necessary causes significant water reabsorption this spe- 
cies. Comparatively small doses frog neurohypophysial extract are effec- 
tive, however, indicating that the active principle the frog neurohy- 
pophysis neither oxytocin nor lysine vasopressin (4, 5). 
Bentley (6) and Hays al. (7) have studied the action vasopressin 
water movement across the bladder wall Bufo marinus vitro. The pre-- 
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1960 FROG BLADDER PERMEABILITY 
paper deals with experiments done the isolated bullfrog (Rana 
bladder vitro. The influences gradient and net 
dium transport water movement have been investigated. The relative 
otencies synthetic and natural neurohypophysial hormones and syn- 
etic analogues increasing net water movement across the bullfrog 
adder wall have also been investigated. This information has been used 
the preliminary identification the pressor-antidiuretic hormone 
nonmammalian vertebrates. 


METHODS 


Large male Rana catesbiana from Louisiana were anesthetized immersion 0.2% 

(Tricaine methanesulfonate, Sandoz). The bladders were free 
moved Glass cannulae were tied into the necks the bladders and each was 
that the bladder was submerged individual chamber containing 
ml. Ringer’s solution the following composition: NaCl 80, 2.5, 1.8, 
0.1 and glucose 0.2 This outside solution was 
gassed with oxygen and had 7.4 and total osmolarity approxi- 
mately 200 

Ten ml. solution was placed inside each bladder. The composition the inside 
solution varied with the experiment. the initial experiments the bladder contents 
were removed and measured appropriate intervals. later experiments bladder 
volume was estimated weighing the bladders within mg. minute intervals 
brief blotting smooth surface. the initial experiments bovine albumin 
labelled with T-1824 was included the inside solution means gross 
leakage. This later proved unnecessary since the water movement during control periods 
served sensitive indication the integrity the bladder wall. 

Osmolarity was measured semi-micro modification the Johlin (8) method 
using thermistors (9) and rotary stirrer (10) with Fiske osmometer. Sodium con- 
centrations were determined internal standard flame photometer. 

Oxytocie activity was determined Dr. Munsick utilizing his 
the Holton (11) rat uterus Uteri were suspended van Dyke-Hastings 
solution without magnesium (12). 


RESULTS 
The effect osmotic gradient net water movement 


bladders were filled with solution containing bovine albumin 
labelled with T-1824, creatinine, and inulin. The total osmolarity the in- 
side solution was Under these whole neuro- 
hypophysial extract (Pituitrin, Parke, Davis Co.) 
the outside solution, causes acceleration the rate de- 
crease the measured volume the bladders and corresponding increase 
the T-1824, creatinine, and inulin the inside solu- 
tions (Table 1). These hormones appear accelerate the rate water loss 
hypotonic inside solution into the surrounding Ringer’s solution 
hout concomitant loss solutes. 


Kindly supplied Dr. Vincent Vigneaud Cornell Medical College. 
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bladders are filled with similar solution which sucrose has 
added bring the total osmolarity approximately twice that the 
rounding Ringer’s solution then addition neurohypophysial extract 
the Ringer’s accelerates the rate which water enters the bladders (Tab 
and dilutes the contained solutes. Recovery normal water 
ity appeared delayed these bladders. Water movement returned 
5.9-8.9 hr., however, the bladders to3 hours after 
end exposure neurohypophysial hormone. 

appears, therefore, that neurohypophysial hormones can augment tlic 
water passage direction across the wall the bullfrog bladder. 


TABLE THE ACTION NEUROHYPOPHYSIAL EXTRACT (PITUITRIN) NET WATER 
MOVEMENT AND SOLUTE CONCENTRATION THE ISOLATED BULLFROG BLADDER 


final concentration 


initial concentration Measured net 
osmolarity 
bladder solution. bladders 
None 1.01 1.00 1.14 4.0+2.6 
1.5-3 100 1.59 1.50 1.87 +11 
3-4.5 None 1.09 1.05 1.28 
4.5-6 None 1.04 1.01 1.13 
Hypertonic solution. bladders 
0-1.5 None 0.97 0.98 
1.5-3 100 0.89 0.90 0.90 +31 
None 0.91 +26 +2.8 
4.5- 


None 0.94 0.92 0.95 +14 


Positive figures indicate net water movement from serosal mucosal surfaces, negative 
figures indicate movement the reverse direction. 
Standard error. 


The hormone concentration used these experiments, 100 
causes Maximal response applied the serosal surface the bladder. 
200 applied the mucosal side without appreciable effect 
water movement. Leaf al. (13) have observed that 
hormone applied the mucosal surface the toad bladder does not 
sodium transport does applied the serosal surface. 


The relationship between net water movement and net sodium transport 


Leaf, Anderson and Page (13) have reported that neurohypophysial 
mones increase the rate active sodium transport from mucosal 
surfaces the isolated toad bladder. Since Capraro and Garampi (14) 
Bentley (15) have postulated that the influence neurohypophysial 
mones water movement across the frog toad skin may seconda 


sodium transport undertook investigate the relationship 
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bullfrog bladder. experiment was designed which the inside 
concentration well excess that usually encountered ureteral 
ine from bullfrogs even during intense antidiuresis caused neurohypo- 
hormone administration (3). The outside solution was unchanged 
the total osmolarity the inside solution, and, therefore, the effective 
gradient, was altered the addition sucrose. The net transport 
was determined measurement changes sodium concen- 
tion and volume the inside solutions. 
typical experiment this type illustrated Figure Oxytocin 


| HYPOTONIC HYPERTONIC 


oxytocin the movement 
aeross the wall frog bladder 
hypotonic solution and, sub- 
sequently, solution. The so- 
tions was The outside solution 
mOs both eases. 


Oxytocin 


WATER MOVEMENT pl/min 


100 augmented water movement out 
the bladder solution, and into the bladder when the 
gradient was reversed. Net sodium transport was usually from in- 
side outside whether not oxytocin was present and irrespective the 
direction water movement. Oxytocin did not significantly alter net 
sodium transport the majority trials (Fig. 2). Total sodium flux 
either direction could not ascertained from these experiments. Alter- 
ations sodium influx outflux sufficient magnitude explain the 
change the direction water movement could probably not occur with- 
out measurable alteration the direction net sodium transport. 

The enhancement net sodium transport oxytocin the bullfrog 
the bladder solution did not noticeably increase the movement water 
from inside outside would expected net sodium transport 
were the driving force for water movement after neurohypophysial hor- 
mone administration. The experiments summarized Figure appear most 
with the hypothesis that water movement response neuro- 


Kindly supplied Dr. Bircher, Medical Department, Sandoz Pharmaceuticals, 
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hypophysial hormones depends largely upon the osmotic gradient. Sodiu 
transport involved very limited extent all. 


The response the isolated bladder neurohypophysial hormones and 
analogues 


The frog bladder situ responds natural oxytocin but 
relatively less sensitive lysine vasopressin Compared 
frog neurohypophysial extract much more active the bladder than 
can explained its activity. Similar observations have becn 
made the responses the frog skin (16) and kidneys (5). Quantitation 
this relationship has been difficult vivo preparations. The isolated 
bladder, however, offers preparation which more accurate estimation 
relative potency possible. 


Net sodium and water 


CONCENTRATION INSIDE SOLUTION ment across the frog bladder membrane 
400 the absence (open figures) and 
synthetic oxytocin. The total osmolarity 
surface was adjusted the values shown 
WATER MOVEMENT the addition sucrose. The 
drawn are straight lines connecting the 
mean points for water for 
Vertical and horizontal lines through the 
points for water movement indicate the 
standard deviations these points, each 


which represents the mean least 
four bladders. 


The isolated bladder filled with ml. water, weighed repeatedly 
ensure against leakage, and then the hormone assayed added the 
outside bath. The weight lost during the interval minutes after 
hormone addition taken the response. The bladder then washed and 
refilled its initial volume and the outside solution changed. Sufficient 
time allowed for water movement return normal resting rate (less 
course working day three four hormone periods can observed 
bladder. 

There approximately linear regression response against log 
the submaximal range with this preparation. Since concentrations 
5-40 are used. There great variability between individual bl: 
ders, however, making necessary bracket unknown injections 
standards use four-point assay design. Relative potency 
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dose. frog-bladder unit defined amount extract hormone 
cause response equivalent that produced one unit 
Posterior Pituitary Reference Standard. oxytocin (Syn- 
ocinon, Sandoz‘) that had been restandardized this laboratory rat 
terus assay against the USP Standard was used working standard for 
frog bladder assay. 
Relative oxytocin, the potency single preparation from non- 
ammalian source varied assays were performed several bladders. 
probably due the fact that the frog-bladder activity such 
resides peptide other than oxytocin. There little reason ex- 
that the sensitivities series bladders both oxytocin and the 
iknown should vary strictly parallel fashion. 
typical four-point assay frog bladder illustrated Figure 


Arginine vasotocin 


Oxytocin 
_ADDER /W V/TRO 20 
Arginine vasotocin 
3 
| 


bullfrog bladder vitro. oxytocin 
would represent approximately ug. 
the pure peptide. 


MOVEMENT 


WATER 


HOURS 


The frog bladder assay was applied preliminary investigation the 
relationship between chemical structure and activity the frog bladder. 
Highly purified natural lysine and arginine vasopressins and synthetic 
oxytocin, 2-phenylalanine oxytocin, (3-phenylalanine oxy- 
tocin) and arginine oxytocin) have been generously 
made available for pharmacological studies this Department Dr. 
Vincent Vigneaud and his coworkers the Department Biochemis- 
try, Cornell Medical College. The relative potencies these hormones and 
their analogues many different assays have been studied detail van 
al. (17). These preparations, and solution 3-valine oxytocin 
were assayed for frog bladder activity. The results such assays 
are shown Table For oxytocin the ratio frog-bladder activity 
activity (rat uterus assay) is, definition, 1.0. Substitutions 
oxytocin ring positions appear reduce the absolute oxytocic 
frog-bladder potencies roughly parallel manner. This true even 
lysine arginine also substituted the side chain, the vaso- 
pre sins. If, however, the oxytocin ring remains intact and arginine sub- 


| 
: 
| 
20+ 
| 
5 
e 
n 


118 SAWYER Volume 


TABLE RELATIONSHIP BETWEEN CHEMICAL STRUCTURE, OXYTOCIC AND FROG-BLADDER 
ACTIVITIES NEUROHYPOPHYSIAL HORMONES AND SOME SYNTHETIC ANALOGUES 


3 

Activities, Ratio 

Preparation oxytocin Frog 
uterus 
Oxytocin None 360 1.0 
2-Phenylalanine oxytocin 2-Phe 0.6 
Arginine vasotocin 8-Arg 7800 210 
Oxypressin 3-Phe <20 
Arginine vasopressin 3-Phe,8-Arg 1.4 
Lysine vasopressin 3-Phe,8-Lys | 18 <5 <0.3 


stituted for leucine the penultimate position the side chain, the frog- 

bladder activity increased about times. The activity this 

analogue, arginine vasotocin, about 1/10 that oxytocin. Arginine 

vasotocin has, therefore, about 200 times the frog-bladder activity that 
one would predict from its activity. the analogues studied 
date the only one which there activity 
ratio clearly above unity. 

Arginine vasotocin was synthesized Katsoyannis and Vigneaud 
(18). has other interesting pharmacological far more 
active causing contraction the hen and turtle oviducts producing 
antidiuresis the hen than oxytocin the vasopressins (19). 


Frog bladder activity nonmammalian neurohypophysial extracts 


Arginine vasotocin has been tentatively identified chicken neuro- 
hypophysial extracts (19). was interest, therefore, observe the re- 
sponse the frog chicken extract. The activity such 
ration the bladder, relative its activity, exactly what one 
would predict contained arginine vasotocin (Fig. 4). 


ARGININE 
bladder activity and activity for 
extracts from nonmam- 
malian vertebrates. The 
represents, definition, the activities 
USP Standard. The upper curve the 
line which neurohypophysial extracts 
would fall their frog-bladder activity 
were due arginine vasotocin. Each point 
represents separate frog bladder assay. 


6 


by 


= 
Petromyzon 


FROG BLADDER ACTIVITY U/mg 


0.01 10 


OXYTOCIC ACTIVITY U/mg 


anuary, 1960 FROG BLADDER PERMEABILITY 119 


Heller (16, 20) observed that extracts from neurohypophyses the cod, 
‘og, snake and pigeon contain much more frog water-balance activity 
can accounted for their content. The frog bladder assay 
means for comparing extracts from nonmammalian vertebrates 
vasotocin. shown Figure extracts from marine lampreys 
marinus), pollack (Pollachius toads (Bufo ameri- 
bullfrogs and green turtles (Chelonia mydas) were 
mpared oxytocin the frog bladder assay. can seen that each 
the ratio frog bladder activity oxytocic activity approximately 
which would predicted the presumption that these extracts con- 
ined arginine vasotocin. Although there evidence that some all 
‘se extracts may contain oxytocin well (19, 21) the specificity the 
bladder assay such that the error introduced oxytocin would 


DISCUSSION 

observation that neurohypophysial hormones increase the permea- 
the frog bladder wall water essentially independently their 
action net sodium transport consistent with the findings Bentley 
using the toad bladder. also agrees with our earlier hypothesis (3, 
that neurohypophysial hormones dilate pores the bladder wall they 
the skin anurans 24). This has recently received strong sup- 
port from Hays al. (7) who have demonstrated increased permeability 
the toad bladder urea and acetamide response neurohypophysial 
hormone. thus seems probable that the action neurohypophysial hor- 
mones the skin and bladder anurans dual nature. They may in- 
sodium transport, and, doing, increase water movement (14, 
15). They can also change the permeability the membranes water and 
allow more rapid osmotic flow through minute pores. This second action 
appears largely independent the existence direction net 
sodium transport the bullfrog bladder. 

There reason believe that the antidiuretic effects neurohypo- 
hormones result from similar action the water permeability 
the distal renal tubule (5, 25). The dissociation neurohypophysial action 
water movement from direct dependence sodium transport im- 
portant meaningful comparisons are made between antidiuretic re- 
sponses the distal tubule and responses observed the skins and blad- 
ders frogs and toads. 

marked specificity the response the bullfrog bladder arginine 
offers new tool for exploring the nature neurohypophysial 
nonmammalian vertebrates. The information presented 
paper and collaborative evidence from studies progress (21) are 

purified material identified fraction F65F-64B Wilhelmi, Pickford 
and sawyer (22). The starting material was whole frozen pituitaries from variety 
ma: teleosts but predominantly from 
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consistent with the hypothesis that arginine vasotocin widely distril 
uted natural neurohypophysial hormone among nonmammalian 
brates. Direct proof the presence arginine vasotocin these 
brates must, however, await its isolation and positive chemical identific: 
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INFLUENCE STILBESTROL THE IMMATURE 
RAT OVARY AND ITS RESPONSE 


Department Obstetrics Gynecology, State University City, 


ABSTRACT 


The ovarian response stilbestrol and Armour’s pituitary gonadotrophin 
(LH) with without stilbestrol priming was studied both intact and hypo- 
physectomized immature rats. the doses used mg. daily for two days) 
stilbestrol caused ovarian weight intact rats and retarded the 
atrophy after hypophysectomy. Stilbestrol priming markedly augmented the 
ovarian response gonadotrophin (LH) both intact and hypophysectomized 
rats. Using consistent dose (0.5 mg.) but priming doses stilbestrol 
ranging from 0.002 mg. 2.0 mg. showed that the larger doses stilbestrol 
augmented the ovarian response. Stilbestrol augments the ovarian response 
making many follicles responsive gonadotrophin. The similarity re- 
sponses intact and hypophysectomized rats indicates that large doses 
stilbestrol directly influence the ovary. 


AZER, Israel, and Alpers (1) found that estrogen (500 R.U. daily for 


seven days) caused increase ovarian weight infantile rats. 
This estrogen treatment also favored the formation corpora lutea, 
was assumed that the estrogen action was mediated bythe pituitary. Pellets 
inserted subcutaneously into hypophysectomized rats 
caused increase ovarian weight (2). The presence the stilbestrol 
markedly augmented the ovarian response injections 
human gonadotrophin (HCG). Williams (3) noted 
hestrol pellets inserted two days after hypophysectomy prevented re- 
tarded the atrophy the ovaries and augmented their response preg- 
nant mare’s serum hormone (PMS). also noted that the stilbestrol did 
not produce increased ovarian weights intact rats. Simpson, 
and (4) found that stilbestrol mg. daily for eight 
days) marked increase ovarian weight hypophysectomized 
rats. After this estrogen treatment their rats exhibited augmented re- 
sponse HCG and FSH but not ICSH. Payne and Hellbaum (5) 
found that doses mg. per day for four days were more effective caus- 
ing increased ovarian weights hypophysectomized rats than were smaller 
doses stilbestrol. Payne and Runser (6) found that when stilbestrol was 


given simultaneously with pituitary extract (Searle-Gonadophysin) 


ceived August 10, 1959. 
study was supported USPHS Grant A-1686. 
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there was augmented response but not when estrogen was given simu 
taneously with HCG. 

These studies the augmenting effect stilbestrol 
mized rats indicated that large doses stilbestrol had stimulating 
the ovary. Since this seemed direct effect the ovary, seeme 
probable that similar effect should demonstrable the intact rat. 
present experiments were conducted compare the ovarian response 
gonadotrophins alone and after stilbestrol priming both intact and 
physectomized rats. 


MATERIAL AND METHODS 


Immature rats weighing gm. were purchased from Sprague-Dawley, 
rated. The hypophysectomized rats were Sprague-Dawley rats purchased through 
mone Assay Laboratories, Inc., Chicago, and weighed gm. when received two 
days postoperatively. arrival the laboratory, the hypophysectomized rats were 
given 2.5 mg. cortisone acetate subcutaneously and sugar was added their drinking 
water for the first day. After that all rats were maintained tap water and laboratory 
chow libitum. The rats were weighed and sorted into test groups comparable 
weights. 


doses 0.1 peanut oil were given subcutaneously for two days. Groups 
stilbestrol-treated rats were caged separately. The gonadotrophin was Armour’s Pitui- 
tary Gonadotrophin (Lot No. Sterile saline (10 was added the 
ampule dissolve the 100 mg. and this was used stock The amount 
needed for each experiment was withdrawn from the stock bottle 
stored the deep freeze until the next test. Test solutions were diluted that the 
dose for each rat was 2.5 saline. Five doses (0.5 ce. each) were given each rat 
over three-day interval, the first dose being hours after the second injection stil- 
bestrol the primed rats. the end the test (72 hours after the first 
120 hours after the first priming dose stilbestrol) the rats were asphyxiated with 
natural gas and weighed. Hypophysectomized rats that had gained weight were 
checked for pituitary remnants and incompletely hypophysectomized. The 
ovaries were excised, examined, weighed Roller-Smith torsion and fixed 
Bouin’s solution. The condition the uterus was noted autopsy but the doses stil- 
were such that quantitation was considered. The ovaries were sectioned 
five microns and stained with hematoxylin and eosin. The number rats this study 
totaled hypophysectomized and 163 intact. 


RESULTS 
The average ovarian weights hypophysectomized rats after various 
doses gonadotrophin are depicted Figure The mg. priming dose 
stilbestrol probably maintained the ovarian weight (av. 14.0 mg.) 
the preoperative level and the 0.2 mg. dose had little additional 
fect the estrogen-primed ovaries. Higher doses were more 
tive causing ovarian weight gain the estrogen-treated rats. These 

ings are accord with previous reports. 


Although this extract was designated was probably mixture 
trophins. exploratory tests FSH was added this and then 
into immature rats. The added FSH failed augment the ovarian weight response 
presumed that the original “LH” contained optimal quantities FSH. 
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The average ovarian weights intact rats after various doses are 
Figure Except for the ovaries being heavier, the augmented 
esponses the intact estrogen-primed rats are similar those noted for 
rats. Why this augmentation should become 
doses 0.5 mg. and higher not evident. 

Since previous attempts demonstrate augmentation estrogen prim- 

had been unsuccessful with doses estrogen became necessary 

the influence stilbestrol dosage the augmentation ovarian 

sponses both intact and hypophysectomized rats. The 0.5 mg. dose 


HYPOX RATS 


Stilbestrol 


Primed 
=100 
o 
c 
+4 60 - -A 
Controls 


Gonadotrophin Dose 


Ovarian weight responses hypophysectomized rats increasing doses 
Stilbestrol had been given one group rats mg. per day for days) 
prior starting the gonadotrophin injections. Ovarian weights are averages for 
rats each dose group. 


had been effective previous tests was selected the standard 
dose. Stilbestrol doses were varied from 0.002 mg. 2.0 mg. The results 
are Figure Over this dose range stilbestrol apparent that 
the larger doses have greater augmenting effect. Further testing neces- 
sary determine whether the crossover the curves 0.2 mg. (Fig. 
Doses stilbestrol larger than mg. per day tend 
there were attempts extend this dose response curve. 

single priming dose hours before starting the gonado- 
phin was less effective than the two doses stilbestrol and hours 
ming. series studies are now indicated determine the 
time and dose for maximal augmentation. 

listologically the augmented ovarian response associated with in- 
ised numbers vesicular follicles. the intact rat the 0.5 mg. dose 
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INTACT RATS 


Primed 


Gonadotrophin Dose (mg.) 
Ovarian weight responses intact immature rats doses 
gonadotrophin. Stilbestrol had been given one group rats mg. per day for days) 


prior starting gonadotrophin injections. Ovarian weights are averages for rats 
each dose group. 


Effect STILBESTROL DOSE 
OVARIAN WEIGHT RESPONSE 0.5 mg. 


160 

140 
E100 INTACT 
treated 
te} 

40 
INTACT 
Controls 


02 0.2 20 
Dose (mg.) 


Ovarian weight responses intact and hypophysectomized rats increasin 
doses stilbestrol. standard dose gonadotrophin (0.5 mg.) was given two group 


rats. Five rats each dose hypophysectomized groups and intact rats 
each dose. 
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stimulated few follicles advanced vesicular stage, luteinized 
follicles each ovary, and caused hypertrophy the interstitial 
issue (Fig. +). The estrogen primed controls had increased number 
nedium-sized prevesicular follicles (Fig. 5). The estrogen primed, 
reated ovaries were composed many vesicular follicles (Fig. 6). The 
pretreatment seemed reduce the incidence luteinized follicles 
some way conditioned many follicles respond way usually 
onsidered the typical response FSH extracts. The estrogen controls 


Cross-section pair ovaries from intact rat after hours treatment with 
gonadotrophin (0.5 mg.,. Several large follicles and luteinized follicles and hyper- 
trophied interstitial tissue. Average wt. per pair mg. 


killed hours showed very little histological alteration which would 
indicate any reasons for the augmented response. The controls killed 
120 hours showed more medium-sized follicles and frequently the peculiar 
atresia described Simpson al. 


DISCUSSION 


These experiments confirm the earlier reports that stilbestrol maintains 
stimulates ovaries hypophysectomized rats and also that similar ef- 
fects intact rats. The augmented weight response ovaries 
estrogen-primed rats similar hypophysectomized 
intact rats. The stimulating effect ovarian weight and also the aug- 
mented response increases with the dose stilbestrol. thus becomes ap- 
that the large doses must have direct action upon the ovary. 
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Cross-section pair ovaries from intact rat 120 hours after first two 
injections stilbestrol. Active granulosal proliferation many medium sized prevesicu- 
lar follicles. Average wt. per pair mg. 


Cross-section ovary from intact rat treated with ing. stilbestrol 
then given hour treatment with gonadotrophin (0.5 mg.). Many large vesicular 
cystic follicles. Average wt. per pair, 112 mg. 
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The findings are somewhat variance with current concepts but the 
ifferences can rationalized. Moore and Price (7) stated that gonadal 
have direct effect the gonads. However, their experiments 
ere done with estrogen doses rat units per day (ca. .012 mg.) for 
days whereas the present experiments utilized mg. (ca. 2500 rat units) 
day for only two days. Pencharz (2) noted that 0.04 0.06 mg. per day 
estradiol dipropionate was not effective 0.13 0.17 mg. stil- 
strol. our experiments 0.1 mg. stilbestrol was not effective 1.0 


can assumed that these large doses get effective amounts 


into the ovaries. 

number earlier attempts obtain augmentation ovarian weight 
-ponses gonadotrophins were unsuccessful. Bradbury showed that 
doses estrogen caused release gonadotrophin from the pitui- 
and caused slight increase ovarian weight but augmentation 
gonadotrophin. Paesi (9) confirmed these findings for doses 
estrogen 0.1 mg. per day and argued that augmentation should not 
expected. These experiments like those Moore and Price were done with 
e-trogen dose ranges that influence activity the pitui- 
tary but have appreciable direct action the ovary. 

Unfortunately, neither Pencharz nor Williams specified the duration 
estrogen priming their experiments. Simpson al. (4) injected estrogen for 
eight days before giving any gonadotrophin and found marked augmenta- 
tion HCG was given. Paesi (10) reviewed the conditions whereby 
estrogen-priming produced augmented responses gonadotrophins, the 
so-called Collip treated immature rats with estrone (20 per 
day for eight days then for four days). HCG was then given for 
days. After twelve days estrone priming there was augmented 
response HCG. Payne and Runser (6) found augmentation HCG 
the estrogen was given concurrently with the HCG (no priming). 

Simpson al. found that estrogen priming (eight days) caused aug- 
mented responses pituitary FSH but not ICSH. Our experiments with 
estrogen-primed rats (two days) showed good augmentation for Armour’s 
but not for Armour’s FSH. Studies progress (Smith and Bradbury) 
have shown that after estrogen priming there are marked augmentations 
ovarian weights when doses HCG larger than units are adminis- 

al. (4) noted that FSH caused the formation corpora lutea 
and theeal luteinization large follicles after eight days estrogen prim- 
ine. Paesi (10) found that twelve days estrogen priming favored lutein- 
When HCG was given. Payne and Runser (6) found that concomi- 
administration estrogen depressed the incidence corpora lutea 
treated rats. our observations two days estrogen priming re- 
the incidence corpora lutea. These various observations suggest 
the condition the ovary the initiation stimula- 
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tion more decisive than the type gonadotrophin subsequent hist: 
logic developments. Further study necessary determine optimal inte 
vals estrogen priming achieve augmentation with each sever: 
gonadotrophins. Intraovarian estrogen pellet implants unilateral ova 
ian perfusion with estrogen should also attempted demonstrate 
clusively whether the effect estrogen can localized the treated 
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EVERSIBILITY THIOURACIL-INDUCED INHIBITION 
INTERPUBIC SEPARATION VIRGIN 
MICE GIVEN THYROXINE LARGE 
DOSES RELAXIN! 


KUGENE HORN 
Department Anatomy, Medical College Union 
Albany, New York 


ABSTRACT 

previous report markedly reduced pubic symphyseal separation re- 
sponse exogenous relaxin nulliparous mice fed thiouracil substantiated 
this study. The data indicate that the resultant depression thyroid hor- 
mone levels following thiouracil administration does not impart irreparable 
damage the mechanism for relaxation. 

Although the withdrawal dietary thiouracil and the administration 
thyroxine are more satisfactory means diminishing the inhibition the 
physeal response, large single dose relaxin preparation never- 
theless appears capable producing symphyseal separation even the pres- 
ence the block. 


inhibition the symphyseal response exogenous 

relaxin was noted nulliparous mice fed thiouracil (0.5%) Purina 
fox chow ration. Similarly, virtually complete inhibition this response 
when the drug content the diet was increased 1.0% (1). 
the other hand was observed, the same study, that dietary thyroid 
powder supplements appeared enhance the response the pubie sym- 
relaxin. 

Two quite obvious questions arose from these data. The first with 
reference the reversibility such thiouracil-induced inhibition pubic 
separation following drug withdrawal employment larger doses 
relaxin. The second concerns possible stimulatory influence which thy- 
roxine might exert hypothyroid mice, addition restoration 
normal thyroid hormone levels, upon the symphyseal response. 

The following report deals with the effeets dietary thiouracil with- 
drawal, thyroxine therapy, and large doses relaxin upon the inhibi- 
tion relaxation mice previously fed thiouracil. 


MATERIALS AND METHODS 


Withdrawal and Thyroxine Administration 


hundred and twenty virgin female mice (Albany strain) 100-130 days old 


September 1959. 
The present investigation was supported Grant National Institute 
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were fed Purina fox chow and tap water, libitum, for period days, 
another 120 similar mice, identically maintained. ate 1.0% thiouracil? added 
chow ration. the end the 30-day period mice those fed only fox 
were used compile Group This group received, estradio 
immediately (day 30). These animals received 
0.2 ml. 1.0% benzopurpurine the 38th day and were killed the 39th day 
Thirty mice those fed fox chow with thiouracil were taken make Group 
was treated identically with Group but remained the thiouracil diet. These 
groups are indicated having days recovery. 

The remaining mice (90 fed chow only and fed chow and thiouracil) were main 
tained their respective diets for additional days (days order equat 
the lengths initial feeding periods with those Groups and the end thi 
period fox animals were divided into Groups and 
days, Groups and for days and Groups and for days recovery 
fox chow diet. Groups and received, daily, ug. 
throughout their respective recovery periods. Animals previously fed thiouracil for 
days had the drug withdrawn that time. These mice were divided into 
for days, Groups and for days, and Groups and for days 
fox chow diet. Only Groups and received thyroxine, daily, during 
their respective recovery periods. Nine days prior the end these various recovery 
periods (days 40, and 60) each animal received, subcutaneously, 
were then performed the 49th, 59th and 69th days. 


High Relaxin Dosage 


Virgin mice the Albany strain (100-130 days old) were divided into major groups 
less than animals. Groups and were fed fox chow and tap water, 
Groups and VI, fox chow plus 1.0% thiouracil, all for period days. Group 
was fed 0.5% thiouracil and Group IV, 1.0% thiouracil fox chow, both for 
period. Each animal received, subcutaneously, 
day except mice Groups and which received their estrogen prime the 79th 
day. 

These major groups were then divided into lesser groups less than mice 
each order receive relaxin dosages 0.035 mg., 0.1 mg., 1.0 mg. and 5.0 
Relaxin was administered 0.2 ml. benzopurpurine Groups and 0.1 ml. 
beeswax peanut oil? Groups and VI. Injections relaxin were made the 
day except for mice Groups and which case was day 87. Autopsies were 
done hours later, thus, days and 88. 

All animals for the entire study were killed with ether and interpubic ligaments were 
measured directly with vernier calipers following exposure the symphysis pubis 
dissection. 


Nutritional Biochemicals Corp., Cleveland, Ohio. 

Depo-estradiol, Upjohn, Kalamazoo, Michigan. 

preparation #80516, Lot M43, each mg. equivalent 0.12 mg. 
Reference Standard W1164-A, lot generously given Warner-Lambert Research 
stitute, Morris Plains, New Jersey. 

Kindly supplied Drs. and Steinetz, Warner-Lambert Research 

Sodium Ref. No. 246-5 generously donated Dr. Harry Fevo! 
Travenol Laboratories, Morton Grove, 

Repository vehicle furnished Warner-Lambert Research Institute, Morris 
New Jersey. 
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RESULTS 
Drug Withdrawal and Thyroxine Administration 


ligaments control mice (Group measured the 39th 
lay averaged 1.72 mm. (Table 1). There was significant deviation from 
his measurement despite 10, day recovery period (Groups 
3). Thyroxine appeared without effect, during the first days 
recovery period (Groups and 10), but became effective when given for 
period days (Group 13). 

The addition thiouracil (1.0%) the diet produced the same marked 
response relaxin previously noted (1). When chow, contain- 
thiouracil, was substituted the 39th day for the drug-containing 
marked increase pubic responsiveness relaxin was noted after 
days (Group 7), even greater increase days (Group 11), and es- 
‘‘normal” response days (Group 15) after drug withdrawal. 

the other hand, daily administration thyroxine during the recovery 
produced somewhat greater than response within 20- 
day period (Group 12) and stimulatory effect, similar that seen 
fed thyroid powder (1), was apparent after days (Group 16). 


Relaxin Dosage 

Average interpubic ligament length was 1.69 mm. virgin mice pre- 
viously fed fox chow and given mg. relaxin (Group (Table 2). 
0.1 mg. relaxin was administered significantly greater response oc- 
curred. However, increasing the dosage 1.0 mg. mg. produced 
further significant increase symphyseal separation than occurred 
mice given 0.1 mg. relaxin. 

The marked inhibition the pelvic response relaxin which occurred 
mice fed thiouracil for days (Group was reduced larger doses 
relaxin, but even dose mg. produced response only half great 
that seen controls given but 0.035 mg. relaxin. When the period 
drug feeding (at the 1.0% level) was extended days (Group IV) 
separation resulting from 5.0 mg. relaxin was only about one-third 
that controls given 0.035 mg. Mice fed only 0.5% thiouracil for similar 
extended period (Group responded considerably better. 

Generally, the response thiouracil-fed mice relaxin beeswax and 
peanut oil (Group VI) was greater than that similar mice given the hor- 
mone benzopurpurine (Group IT). Relative the appropriate control 
mice (Groups and IT), however, identical doses relaxin the beeswax 
peanut oil vehicle produced greater reduction the thiouracil-in- 
inhibition than did relaxin benzopurpurine. 


DISCUSSION 
this study further substantiate earlier report markedly 
responsiveness the pubic symphysis exogenous relaxin 
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previously fed diet containing thiouracil (1). the same report 
that the thiouracil upon interpubic ligament 
‘ongation are not direct drug effects, but rather appear result from 


tered thyroid gland Present data indicate that the 


thyroid hormone release following thiouracil administration 
not irreparably impair the mechanism for relaxation. Indeed, 
drug withdrawn from the diet and sufficient time permitted for the 
imal regain more level thyroid gland activity, the in- 
separation appears wholly reversible. Such time 
cessary for recovery, after drug withdrawal, essentially normal 
response seemingly reducible administration thyroxine, 
hastening the return euthyroid state. Results further 
that once the return has been accomplished the animals (Group 14) 
similarly demonstrating the increased responsiveness re- 
previously observed mildly hyperthyroid nulliparous mice (1). The 
apparent absence permanent impairment and the relative ease and 
overcoming thiouracil-induced inhibition the symphyseal 
response drug withdrawal thyroxine administration tend deny in- 
direct ovarian mediation and lend some further support the thesis that 
the effects abnormal thyroid activity upon pubic responses relaxin 
are direct influences that gland (1). 

Inhibition interpubic separation following thiouracil feeding appears 
partially ameliorated high doses relaxin benzopurpurine 
beeswax peanut oil repository vehicles, but the results are some- 
what less than satisfactory. Nevertheless, the seemingly excellent responses 
the symphysis relaxin following thiouracil withdrawal and thyroxine 
administration (present study) were obtained the absence the drug 
while these latter symphyseal responses high dosages relaxin were 
produced the presence such drug inhibition. view previous data 
(1) which that the thiouracil upon responses 
relaxin are not mediated the ovary not surprising that administra- 
tion ovarian hormone (relaxin) not the most efficacious means 
overriding inhibitory influence seemingly mediated directly the thy- 
roid gland. However, well known that the action estrogen im- 
paired hypothyroid mice. That the defect response relaxin the 
thiouracil-fed mouse might reflection inadequate estrogen priming 
factor presently under investigation. 

interesting note that all dosage levels relaxin employed, the 
thiouracil-induced inhibition (1% thiouracil) was not reduced 
vehicle such beeswax oil. Instead, average interpubic liga- 
lengths thiouracil-fed (1%) mice merely paralleled those fed only 
fox (almost constantly 1.4 mm. difference) (Table given re- 
dosage and similar vehicle. However, despite this apparent parallel- 
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ism must conceded that mice previously fed thiouracil, low 
potency relaxin (although large dosages are required) 
vehicle (beewax oil) reportedly half effective benzopurpurine 
did produce four-fold increase ligament length (0.32 mm., Group 
1.20 mm., Group VI). The use high-potency relaxin preparations 
peated administration moderate doses low-potency relaxin powder 
combination with highly effective repository vehicles might possibly 
even more effective the amelioration the inhibitory influences 
thiouracil upon pelvic relaxation than the single dose low-potenc: 
preparation used this study. 


REFERENCES 
Horn, H.: Endocrinology 63: 481. 1958. 


crinology Reproduction, pp. 1959. Academic Press, New York, 


- 


NOTES AND COMMENTS 


HANGES THE THYROID: SERUM RADIOIODIDE CONCENTRATION 
RATIO DURING THE ESTROUS CYCLE THE 


ABSTRACT 


The thyroid:serum radioiodide concentration (T/S) ratio female rats 
its lowest level during proestrus and highest during late estrus. T/S values 
during metestrus, early estrus and diestrus are intermediate and not significantly 
different from each other. 


The results several investigations have indicated that thyroidal iodine uptake 

ater during estrus than any the other stages the estrous (1, 2). These 

thors, however, did studies thyroid uptake during hours after determination 
the stage the estrous This could possibly mean that the values obtained 
eases would more appropriately reflect conditions during the next stage, since 
stages have duration measured hours (3). uptake also poor measure 
thyroid function since considerably influenced extrathyroidal factors. 

this paper thyroid ‘serum iodide concentration ratios were determined 
with the identification the stage the This measurement 
much less influenced factors outside the pituitary-thyroid axis than percentage 
uptake 

MATERIAL AND METHODS 

Adult Sprague-Dawley, female rats weighing between gm. were used. All were 
fed Purina Laboratory Chow libitum least weeks before the measurement the T/S. 

The T/S was determined follows. Twelve mg. (PTU) 0.6 ml. 
solution were injected forty-five minutes prior subcutaneous 
injection we. one ml. distilled water. One hour later, the animals 
were anesthetized with ether and blood was obtained from the abdominal aorta. The thyroid 
was dissected out and weighed Roller-Smith torsion balance. One-tenth ml. serum 


and the thyroid were prepared for radio-activity determination the method described 
VanderLaan and Greer (4). 

Vaginal smears were taken approximately one minute before the rat was Only 
those rats whose vaginal smears could identified typical for one the stages the 
estrous (proestrus, early estrus, late estrus, metestrus and diestrus) with absolute 
certainty were used the experiment. 


RESULTS 

The thyroid serum radioiodide concentration ratios during the different stages the 
estrous eyele are summarized Figure 

The was found lowest during proestrus. With the onset early estrus the 
increased, reaching its highest values late estrus. During metestrus the was 
not found significantly different from that determined during diestrus. 


DISCUSSION 


results this investigation indicate that the ability the thyroid concentrate 
dide from the serum the female rat shows changes which correlated 
stages the estrous cycle. 


have found that the proestrus animals significantly different from that 
all the other stages the estrous such change thyroid 
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during proestrus was observed Soliman and Reineke (1). The possible reasons fot 
this discrepancy may that their rats vaginal smears were not taken 
with thyroid uptake measurements, but hours earlier; and that they used thyroida! 
uptake rather than measurement thyroidal activity. Long and Evans 
have demonstrated that proestrus and early estrus last for approximately hours and 
metestrus has duration only hours. conceivable that Soliman and 
(1) animals could have progressed into the next stage the eyele. animal proestrus 
may have been actually estrus the time thyroidal uptake measurements 
Thus, false high values could have been recorded for proestrus. 

Dividing the stage estrus into early and late estrus enabled demonstrate that 
activity varies significantly even within this period estrus. Soliman and 
Reineke’s (1) procedure combining early and late stages estrus did not permit suc! 
distinction. Also, some their estrous rats may have been metestrous the 
their uptake was determined. This may part explain why our maximum 
(during late estrus) was 290% greater than that during proestrus, while Soliman 
Reineke found maximum difference only 165% between uptake ‘‘proestrus’ 
and 


Feldman (2) reported thyroid uptakes for various stages the but 
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Thyroid: serum radioiodide concentration ratios (T/S) during the various 
stages the estrous eyele. Vertical bars represent mean T/S values, vertical 
standard errors. Figures within bars represent number rats the group. 
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his animals having been any particular stage the 
their thyroid took the 
Soliman al. (5) found that the thyrotrophic hormone (TSH) the blood rats 
its highest level during estrus. Correlation this observation with our findings 
eset with difficulties. single subcutaneous injection TSH does not elevate the T/S 
hypophysectomized rats for least hours, and the maximal effect dose TSH 
the iodide pump not obtained until days after the injection (7, 4). Therefore 
change T/S during one stage the estrous may faet have been 
itiated during earlier stage, since transitional depression the T/S preceding 
rise has been observed after the injection TSH into rats (6). 
possibility that TSH affects the T/S least part through alteration the 
vanie iodine concentration the thyroid (8). However, not known whether 
depletion organic thyroidal iodine occurs during estrus, and so, whether 
change affects the T/S promptly. 


Preliminary investigations have failed show any effect estrogen 
radiol for and days) the T/S spayed rats. therefore questionable 


ether rise endogenous estrogen production has any role the elevation the 
during late estrus. 
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UPTAKE ERYTHROCYTES 
ABSTRACT 
Some theoretical considerations and experimental observations concerning the 
red cell uptake are presented. 

The uptake erythrocytes triiodothyronine was studied 
question what kind information obtained the red blood cell (RBC) uptake test 
the uptake quantitative phenomenon related the thyroxine-binding capacity 
the serum, phenomenon, combination both? 

Assuming that the red cell uptake physical chemical phenomenon, 
following equilibria will established: 

where denotes the binding sites the serum proteins and those the erythro 

The concentration free triiodothyronine will the same all over 
phase the system. The law mass action therefore yields 

T; c= kp. k.. (| 

The suffix unsat refers binding sites that are not saturated with thyroxine 

Equation presupposes that all binding sites the serum proteins have identical 
affinities and that the same true the receptors the erythrocytes, which 
approximation. The approximation will better the more constant the relative con- 

centrations the various thyroid hormone binding proteins are. 

When has been added the system and equilibrium has been established, 
determine the ratio (Q) the amount the erythrocytes that the whole sys- 

Since the concentration free negligible, 


From this can 


| ET; Q 


But from (1) get 
Hence 


1 — Q 


Erythrocytes absorb only very small quantities Tx. This may explain why 
content binding sites unsaturated with and thus accessible high relative 
their content saturated receptors. Consequently, will keep fairly constant 
long the variation serum PBI does not exceed that observed human 
material. Another prerequisite that can regarded constant, that 
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matocrit value kept within narrow limits. Under those the red cell 
ratio for may expressed good approximation 


should emphasized that the above expression for the erythrocyte uptake dif- 
from that used Hamolsky, Stein and Freedberg (2). The magnitude used 
authors for characterization the erythrocyte uptake identical with the 
urring the above equations. 
correctness the view that the red cell uptake chemical 
nomenon depending only the serum content free suggested the 
experimental facts. 
The RBC-uptake was determined serum and the same serum 
diluted with physiological saline. was found that the serum was diluted, the 
erythrocyte uptake increased predicted Equation 
The pretreatment the erythrocytes for counting involves series washing 
procedures which might conceivably disturb the equilibrium between the 
bound erythrocytes and that bound the serum proteins. However, the dilu- 
tion the serum this saline will change and PT; the same factor. 
According Equation the concentration free will therefore remain un- 
changed. This explains the reproducibility the results obtained the method. 
The author has made comparison the serum content free non-proteinbound 
serum with the RBC-uptake from number sera. The 
free and the free serum will both inversely proportional 
The free was. determined dialysis procedure else- 
where (4). Following the addition thyroxine serum sample, 
the sample dialyzed against the same serum which equal amount 
non-radioactive thyroxine has been added. The rate which the labeled hor- 
mone passes through the membrane may considered proportional the 
centration free thyroxine. 
The free and the erythrocyte uptake were determined simultaneously 
patient and normal subject. Some the results obtained are shown 
Table The results show that the ratio the free for patient normal 


DIFFERENT SERA 


Serum Diag- yASSING Tx-]! for 1 —¢ 
normal per cent for patient 
Pregnancy 0.31 11.82 
Normal 0.48 0.64 18.63 
Pregnancy 10.79 
Normal 0.54 0.55 19.69 0.55 
Normal 0.59 0.71 18.18 0.76 
Hyperthy- 


Normal 0.52 2.65 


if 
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most cases good agreement with the ratio RBC-uptake for patient 
normal. 
This suggests that the erythrocyte uptake quantitative phenomenon 
depends only the serum concentration unbound 
From paper experiments (5, not clear which binding patter 
and are naturally occurring. Some the phenomena observed may 
due the changing the binding affinity components the buffer 
The present experiments might indicate that the same binding sites are available 
iodothyronine and thyroxine. 
Hospital 
Medical Department 
Copenhagen 
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MASCULINIZATION FEMALE FETUSES THE 
RAT PROGESTATIONAL COMPOUNDS 
ABSTRACT 
Progesterone, 17a-ethynyl-19-nortestosterone, and proges- 
terone were administered pregnant female rats and the newborn were examined 
birth and days for evidence masculinization. Progesterone caused abnor- 
malities while both synthetic compounds produced 

Recently Wilkins al. (1) and others (2, have reported numerous cases 
human female pseudohermaphrodism following the administration progestins during 
gestation. This masculinization may possibly attributed the androgenic 
the steroids since androgens administered during pregnancy are known cause 
pseudohermaphrodism the human (5, and also laboratory animals. Given 
critical time the course pregnancy, these hormones apparently traverse the 
tal barrier, reach the embryo and modify its sexual development causing masculinization 
the female fetuses. Female newborn rabbits with external genitalia resembling 
male can produced intra-peritoneal implantation mg. testosterone prop 
nate the 19th day fetal life (7). rhesus monkeys, female 
were born after intramuscular testosterone propionate administration the pregn: 
mothers (8). Similar effects androgenic hormones have been observed mice 
hamsters (10), and rats (11). 

Our studies were undertaken determine whether the clinical observations pseuc 
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rmaphrodism after progestational therapy could reproduced experimental ani- 
The rat seemed suitable animal for this experiment, since although its 
-tation period short, differentiation the sex glands occurs late preg- 
Implantation the 5th day and the indifferent gonad starts differenti- 
into testis the 14th day, and into ovary the 17th day (12). Hamilton and 
(13) have demonstrated the following changes after the administration 0.5 mg. 
propionate rats during the last third pregnancy; masculine appear- 

externally all young, and the females enlarged penis-like clitoris, elongated 

-genital and scrotum-like With higher dosages the perineal 
the vagina was missing, the vagina ended blindly, and the uterus-was distended 
Sometimes connection was seen between the blind vagina and 
th. urethra. 

‘imilar anomalies have been observed the experiments below with the 


METHODS 


techniques employed were similar those described Hamilton and Wolfe (13). 
smears taken from mated female hooded rats Long-Evans strain were examined 
for sperm and animals with positive smears were separated. further indication pregnancy 
obtained measuring the gain body weight the 15th day. Progesterone (I), 
and 6a-methyl-17-acetoxy progesterone (III) were ad- 
ministered daily subcutaneously sesame oil from the 15th the 20th day pregnancy. 
Delivery was after large doses these compounds, the pups were removed 
section the 22nd day and were placed with foster mothers. the day birth 
the ano-genital distance was measured. Animals which survived the 20th day were dis- 
and the reproductive system was carefully examined. 


RESULTS 


Newborn rats with ano-genital between and mm. were considered 
females and those with distance mm. males. When the was 
between and the sex could not determined. The results progestin treat- 
ment during fetal life the newborn are presented Table differences were ob- 
served the ano-genital distances rats which received progesterone treatment when 
compared controls and sex was easily determined. The rats receiving 0.5 mg. 
daily could also easily sexed the ano-genital distance. 1.0 mg. there were 
intersexuals out newborn, and mg. newborn could considered 
female—all were intersexuals males. 5.0 and 10.0 mg. all young resembled males. 
0.25 mg. three intersexuals were found out 38, while 1.0 and 2.0 mg. only 
intersexuals and males were seen. higher doses, 2.5 5.0 mg. daily, all newborn were 
males their external appearance. Variable enlargement the clitoris was observed 
the newborn animals treated with and those receiving high doses 
This related the androgenicity the 

The details the internal sex organs days age the females and female pseu- 
dohermaphrodites are presented Table abnormalities were found the sex 
animals treated with doses mg. more all females had obvious 
evidence masculinization, with either blind vaginas urethro-vaginal fistulas. the 
lowest dose 0.25 mg. daily, was possible see masculinization two females 
out 2.0 and 2.5 mg. all females were pseudohermaphrodites; externally they all 
like males, and showed either urethro-vaginal fistulas without perineal vaginal 
the part vagina was missing. 


DISCUSSION 


Burrill and Ivy (14) found that progesterone large doses had androgenic 
Aecording Lamar, mg. progesterone has, castrated male rats, 
poteney equivalent 0.03 mg. testosterone propionate (15). Since 0.5 mg. 
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TABLE THE EFFECT PROGESTIN TREATMENT DURING FETAI 
RATS WITH FEMALE INTERNAL SEX ORGANS 


LIFE DAY OLD 


Normal Blind vagina. Urethro-vaginal 
Compound Daily dose Number vaginal fistula. vag- 
internal sex perineal inal perineal 
organs orifice orifice 
Sesame oil 
5.0 
0.5 
rtestosterone (IT) 1.5 
2.0 8 8 
2.5 
0.25 
2.5 


testosterone propionate daily produces pseudohermaphrodism young female rats, 
approximately mg. progesterone would expected produce similar effect. 
However, our experiments pseudohermaphrodism was observed even daily doses 
200 mg. progesterone. The masculinization the 17a-ethyny]-19-nortestosterone 
treated group was not unexpected, since androgenic activity has been reported for this 
compound (1). were rather surprised find the 
acetoxy progesterone treated group, since Lyster al. (16) did not find appreciable 
properties with this compound the rat. 

The production pseudohermaphrodism progesterone, 
which according these workers has little activity, and the failure proges- 
terone cause masculinization, although has properties, suggests that 
these activities are not necessarily parallel any particular steroid. Tests for masculiniz- 
ing should therefore ineluded the studies new progestational 
compounds and would appear important develop orally active progestins without 


these undesirable properties. 
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DYNAMIC CHANGES ASCORBIC ACID AND CORTICOSTEROIDS 
ADRENAL VEIN BLOOD AFTER ACTH! 


ABSTRACT 


Measurement Ascorbic Acid (AA) and Corticosterone (Compound 
serial fractions adrenal vein blood from hypophysectomized rats has demonstrated, 
immediately after small doses ACTH, initial rise AA, followed steady 
rise Compound rising, rapidly falls below pre-ACTH levels. 
release has not occurred the absence Compound release. 


The significance the high concentration acid (AA) 
adrenal cortex vertebrates has not been satisfactorily explained. The ability 
pituitary adrenocorticotropin (ACTH) deplete the adrenal (1) and 
the synthesis adrenal cortical steroids several animal species has given rise 
number assay procedures for ACTH, and prompted speculation con 
cerning the relationship steroid biosynthesis. While acid 
and steroidogenesis represent effects ACTH the adrenal cortex not shared oth 
association between adrenal acid and the synthesis release steroids. 

Recently, two new assays for ACTH have been proposed, based upon the release 


hypophysectomized rat, and has been reported that ascorbie acid release into 
adrenal vein may precede corticosteroid release after ACTH (4). The minute mint 
change secretion these substances has not been studied, however, during 
critical few minutes immediately after ACTH administration. the work report 
here, and Compound have been measured simultaneously consecutive 
samples from the adrenal vein the hypophysectomized rat. 
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acid (2) and corticosterone (Compound (3) into the adrenal vein 
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Male albino rats approximately 400 gm. were hypophysectomized under ether 
and varying time intervals thereafter renaesthetized, the jugular vein 
posed, the animal heparinized, and the left adrenal vein cannulated. Exactly-timed 
serial collections adrenal vein blood were obtained small vials containing 

ml. saline, and the saline-diluted blood was analyzed for acid 

the method Roe and Kuether (5, 6), and for corticosterone the 

orescence technique Silber al. (7). was determined 0.05 ml. the blood- 
ine mixture and Compound 0.2 ml. this mixture. Values for both 
expressed per ml. blood-saline mixture the one minute collection. USP 
ference Standard Corticotropin was administered rapidly the jugular vein doses 
exceeding 1.0 mu. Several control periods were obtained before ACTH was ad- 

demonstrates the findings representative animal hypophysectomized 

hours previously. Timed adrenal vein collections were made before, during, and for 
minutes after 0.2 mu. ACTH. acid (solid line) and (dotted 
are shown for each minute the experiment. After the systemic administration 
had increased adrenal vein blood the minute, while steroid 
did not begin until the fourth minute. can seen, therefore, that 
acid release preceded corticosteroid release. additional interest, however, corti- 
costeroid levels rose, ascorbic acid began fall, and fell below the pre-ACTH level. 
This pattern response has been observed six animals, values for additional two 
animals being shown Table 

Under the this experiment, steroid release has never preceded ascorbic 
acid release, nor has ascorbic acid release occurred the absence steroid release. 

The appearance ascorbic acid the adrenal venous effluent would appear 
more sensitive measure ACTH effect the adrenal gland than ascorbie acid de- 
pletion (2). Similarly, the appearance corticosteroids the adrenal venous effluent 
more sensitive measure ACTH effect the adrenal gland than the measurement 
peripheral levels these steroids. Simultaneous measurement the two rigidly 
controlled timed sequence adrenal venous bleeding has demonstrated that, during the 


ygm/mi 


MINUTES 


ascorbie acid (AA) and corticosterone (B) the adrenal vein 
rat following ACTH administration. 
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TABLE ASCORBIC ACID AND CORTICOSTERONE CONSECUTIVE 60-SECOND COLLECTIO 
ADRENAL VEIN BLOOD FROM RATS HOURS AFTER HYPOPHYSECTOJMY 
ACTH varying doses (I: 0.2 0.5 and (III: 1.0 given 
Each pair columns represent absolute values one large (approximately 400 gm.) 
rat, expressed (of Compound per ml. blood-saline mixture. 


Minutes 


5.50 0.26 6.89 0.25 6.12 0.25 

(ACTH) 8.31 0.22 1.42 0.28 

0.29 10.7 0.22 12.6 1.06 

14.4 0.62 1.09 2.04 2.00 

8.22 0.65 9.55 1.40 

4.22 0.75 10.7 1.46 2.68 

2.03 2.62 
1.90 
2.03 
2.18 0.00 2.87 


first fifteen minutes following the systemic administration ACTH the 
rat: 

acid release precedes corticosteroid release. 

Ascorbie acid levels fall, steroid levels are rising. 

significant release has been observed the absence steroid release. 

The temporal relationship demonstrated here, and the apparent consistency this 
sequence events suggest that may worth while re-investigate the possible role 
which adrenal acid might play the synthesis and/or release adrenal cortical 
steroids response ACTH. 


Harry 


Don 
Department Medicine 


Harvard Medical School and Peter Bent Brigham Hospital 
and Howard Hughes Medical Institute 
Boston, Massachusetts 
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1.62 
2.42 1.90 
2.83 1.62 


NOTICE 
The Study Section, National Institutes Health, has 
the following highly purified pituitary hormones available for distribution 
free investigators: 
hormone, bovine, non-sterile for animal experiments only. Dis- 
pensed requested. 
hormone, bovine, sterile preparation: mg. vials 
for experiment; mg. vials for assay standard. 
Luteinizing hormone, ovine, sterile preparation: mg. vials. 
Prolactin, ovine, sterile preparation: mg. vials. 
Workers may obtain supplies these hormones writing to: 


Dr. Hill, Executive Secretary 
Study Section 
Division Research Grants 
National Institutes Health 
Bethesda 14, Maryland 


describing briefly the proposed work and giving estimate the amount 
hormone required. Requests are filled promptly possible after re- 
view These hormones are prepared and distributed 
under program generously supported the National Institutes 
Health. 

The following listed radioactive steroids, with corresponding batch num- 
and specifie activities were prepared the Endocrinology Study 
tion, Division Research Grants, National Institutes Health. They are 
without charge for materials, upon receipt adequate resume 


Material Batch Activity 
vdrocortisone ES-F-50-1 42.4 
rticosterone ES-B-50-1 44.4 
are stored Tracerlab, Waltham, Massachusetts. 


Ship: nts will made from Tracerlab, and the recipient will 
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billed them, the rate $5.00 per ampule for handling and 
for these compounds should submitted to: 


Dr. Hill, Executive Secretary 
Study Section 
Division Research Grants 
National Institutes Health 
Bethesda 14, Maryland 


‘The materials are approximately pure, and each 
calibrate each batch material used. 


